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NUTRIENT FORMULATIONS FOR DISEASE REDUCTION, AND RELATED 
TREATMENT AND COMPONENT SCREENING METHODS 



5 



Related Applications 

This application claims the benefit of priority, under U.S. and international law, of 
10 U.S. Provisional Application No. 60/139,347, filed June 15, 1999. The entire contents of 
that provisional £q[)plication is incorporated herein by reference. 

Background of the Invention 

Human studies demonstrate that cancer is largely a preventable disease and that 
35-40% of cancer incidence and mortality worldwide can be substantially reduced by 

1 5 changes in the human diet. Specifically, there is compelling worldwide evidence of an 
association between fruit and vegetable consumption and cancer risk reduction. Other 
hmnan and animal diseases, as well, are influenced by diet and can be substantially 
reduced by changes in diet Examples include diabetes (especially type n diabetes), 
cardiovascular diseases, Alzheimers disease, osteoporosis, and many others. Likewise, 

20 other physical conditions that involve bodily attributes or performance issues, other than 
diseases, may be affected by diet The present invention relates to nutrient formulations 
usefiil in reducing (including preventing, delaying, inhibiting and/or treating) cancers and 
oibsr human and animal (especially mammalian) diseases and physical conditions, 
methods of using such formulations, and metiiods of identifying such formulations and 

25 the components Q>articularly nutrient ingredients) to be included in the formulations to 
achieve optimal disease reduction. 

As one disease example, tumor development in cancers (carcinogenesis) proceeds 
through a series of multiple overls^ping stages, including initiation (change in DNA), 
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promotion (proliferation of cells with damaged DNA) and progression (growth of cells 
with cumulative genetic changes, including changes in key control genes that lead to 
malignant cells and to the emergence of a clinically detectable cancer). Since cancer 
development may take &om 1 0-30 years, a preferred cancer risk reduction strategy is to 
5 insure optimum cellular and tissue health and to minimize celliilar events involved m the 
tumor development process in healthy individuals (typically including those of ages 20- 
44 or younger) during the early phases of potential or actual carcinogenesis. In one 
aspect of the invention, this is achieved by the preferably regular, systematic and long- 
term administration of one or more formulations having multiple active components that, 

10 in combination, provide focused antioxidant protection and oxidative balance in the 
subject These antioxidant/oxidative balance formulations of the invention provide a 
particularly useful approach in reducing the risk of cancer diseases generally. In another 
aspect of the invention, the nutrient formulation contains nutrient components 
specifically identified and selected to reduce or interfere with a particular disease or 

IS disease etiology (such that of a specific cancer disease, e.g. colorectal cancer as discussed 
below). The invention provides a method of screening and identifying useful 
components for such formulations. In still another aspect of the invention, the 
formulations, and the method of screening their components, are directed to the reduction 
of multiple individual diseases. 

20 Additional protection against disease is required with age (e.g., 45-65, and over 

65 years of age) and customized doses of the nutrient formulations of the invention will 
typically be recommended for high-risk populations (e.g., smokers, genetic risk, cancer 
survivors, etc.). In the case of cancer, many of these individuals will aheady have 
initiated cells, but both promotion and progression are targets for control according to the 

25 invention. Accordingly, the nutrient formulations (and their dosage components) are 
designed specifically for each of the various age groups and relative risk populations. 

A comparison of regional human diets with woridwide patterns of cancer 
incidence strongly suggests that food and nutrition afiect cancer incidence and mortality, 
and therefore cancer risk. Epidemiologic and ecologic evidence indicates that cancer 
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incidence varies significantly between diff<n:ent regions and populations around the 
world. The observation that Ac patterns of cancer are sensitive to hiunan migration and 
urbanization, and the lack of simple patterns of genetic inheritance for most human 
cancers, indicate that cancer rates are strongly influenced by environmental factors, 
5 especially diet Individual-level epidemiological studies (particularly cohort and case- 
control studies) provide specific evidence for the identity of some of the dietary patterns 
and food that may alter risk. Thus, data support the hypothesis that cancer is largely a 
preventable disease and that the incidence of cancer can be substantiaUy reduced by 
modifying dietary intake. 

10 The results of a recent report commissioned by the executive officers of the 

World Cancer Research Fund and the American Institute for Cancer Research estimated 
that 30-40% of cancer cases tiirougfaout the world are preventable by modifications of 
diet and nutrition [1]. (The references cited herein by reference numeral are listed in the 
Appendix to this specification.) There is strong and consistent evidmce of an association 

1 5 between firuit and vegetable consumption and cancer risk reduction on a worldwide basis 
[1-4]. In addition, low fiuit and vegetable mtake is associated with 1 .5 to 2 times greater 
risk of cancer at many sites compared with high intake. Recent reviews have evaluated 
the large body of evidence concerning tiie relationship between fiuit and vegetable intake 
and cancer incidence [5-9]. For all cancer sites, a statistically significant protective effect 

20 of fiuit and vegetable consumption is foimd in 128 of the 156 dietary studies [3]. The 
evidence is strongest for lung cancer [5, 8]. In addition, fruit and vegetable consumption 
is associated with decreased risk for cancers of the pancreas, breast, stomach, colorectal, 
bladder, cervix, ovaries and endometrium [3], 

Evidence now indicates that several types of cancer develop through the 

25 progressive acquisition and accumulation of mutations in multiple genes [10, 1 1]. 

Genetic mutations can be initiated via a variety of cellular events that are triggered by 
environmental factors. For example, genotoxic carcinogens or their metabolites act as 
mutagens by covalentiy modifying DNA, resulting in chemical changes in the genetic 



wo 00/76492 



PCTAJSOO/16777 



4 

material. In addition, endogenously formed reactive oxygen species (ROS) and 
metabolites of nitrogen oxide also contribute to DNA damage. 

Experimental studies have shown that tumor development proceeds through a 
series of multiple overlapping stages [12] defined as initiation (changes in DNA), 
5 promotion (expansion of numbers of cells with non-repaired or mis-repaired genes) and 
progression (growth of cells with accumulated genetic changes, some of which aie in key 
genes that lead to cells that are aggressively malignant). In both experimental animal 
models and humans, there is a latency period between the original carcinogenic eveat and 
the development of a malignant tumor. This latency period may be due to several &ctors, 
10 including the complexity of the multistage tumor development process and/or the host's 
range of natural defenses against the carcinogenesis process. This long latency period 
and the multi-stage tumor development process provide multiple opportunities for 
intervention to prevent and/or delay the development of malignant tumors (i.e., risk 
reduction). 

15 Numerous scientific studies offer compelling evidence that formulations of 

mixtures of individual compounds acting at multiple stages of carcinogenesis are most 
likely to be optimal for cancer risk reduction. For example, epidemiologic studies have 
demonstrated that diet diversity or the overall pattem of dietary intake may have a greater 
impact on cancer risk than any one food [435, 436]. In addition, the administration of 

20 multiple agent formulations has been shown in some cases to result in synergistic efTects, 
i.e., increased efficacy and potency over individual components, and generally to be 
significantly less toxic [1 3-20] . 

To take the example of colorectal cancer, the now widely accepted adenoma-to- 
carcinoma progression for colorectal cancer, originally proposed by Hill [255], provides 

25 multiple opportunities for int^ention during carcinogenesis and makes this disease an 
excellent candidate for risk reduction strategies. Multiple molecular events are involved 
in colon carcinogenesis. Initially, the development of an adenoma requires that a stem 
cell must undergo a first "hit** (mutation), giving rise to a replicating population of 
abnormal cells, increasing the odds for additional ''hits'* and malignancy. Secondary to 
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mucosal damage or as a result of high dietary energy intake, proliferation of abnormal 
colonic epitiielial cells increases the opportunity for mutations to go imrepaired, resulting 
in the e3q)ansion of abnormal clones [256]. Based on these mechanisms, the colorectal 
cancer risk reduction strategy of the present invention is focused on both protecting 
5 cellular DNA ftbm genetic alterations and enhancing endogenous mechanisms for 
regulating cell proliferation. Other examples of diseases susceptible to risk reduction 
according to the present invention include Type II diabetes, cardiovascular diseases, 
Alzheimers disease, osteoporosis, and many others. Likewise, other physical conditions 
that involve bodily attributes or performance issues, other than diseases, may be 
10 beneficially affected usmg the formulations and methods of the present invention. 

SutmnaTY nf t he Invention 

In one aspect, the present invention includes a bidirectional, three-tiered screening 
process, which the inventors term "Ordered Research Information on Nutrients" 

15 (ORION), to idmtify and evaluate active components (i.e. nutrient ingredients) for use in 
the nutrient formulations of the mvention. In the first tier of the screening process, 
ecologic and/or individual-based epidemiological data are examined to establish the 
patterns of association between diet and foods and disease. The disease under 
consideration may be a single specific disease, such as a particular form of cancer (e.g. 

20 colorectal cancer), or it may be a generalized disease class such as cancer diseases in 
general. Likewise, the disease under consideration may be a set of one or more specific 
diseases to be addressed in combination, such as colorectal cancer and lung cancer in 
combination, or lung cancer and a heart disease in combination. In the second screening 
tier, the principal (and preferably all) potentially active components fit)m candidate foods 

25 and diets that may be implicated in delaying the onset of, or preventing or otherwise 
inhibiting, the disease (or the set or class of disease) in question are identified. In the 
third tier, data firom studies on the active components are examined to determine their 
most likely mechanism(s) of action in the multiple pathways identified as important in 
potentially blocking some specific aspect of the disease process, for example tiie multi- 
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phased carcinogenesis process. This process may driven from either and/or both 
directions, i.e., epidemiologic data may drive the process as summarized, or mechanistic 
evidence may be sufficiently compelling to move upwards to identify the active food 
ingredients in the target diet 
5 Because a plurality of active components will be identified as candidates for 

inclusion in the formulations of the invention, the chemical, pharmacological and 
toxicological interactions among such components (whether positive, negative or neutral 
in terms of ultimate A^peutic bmefit), are resolved in arriving at the active componmts 
to be used in the fiboal formulations of the invention. In addition, the candidate 

1 0 components for a particular disease under consideration may have therapeutically 

positive or negative cross-over efirect(s) with respect to some other disease state. Such 
cross-over effects are likewise resolved in arriving at the active components to be used in 
the final formulations of the invention. In this manner, the screening mefliod of the 
invention leads in a systemaidc fashion to nutrient formulations having a set of nutrient 

IS ingredients, contained in i^ropriate dosage amounts, that is optimally efficacious with 
respect to the individual disease or the entire disease set or disease class under 
consideration, while avoiding negative intoactions and cross-over effects among 
different components and disease states. 

Thus, the screening process of the invention utilizes evidence from the three tiers, 

20 optimizing the synergy and effectiveness of individual dietary supplements to maximize 
their integrated disease risk reduction potential in normal and high-risk populations. In 
selecting key ingredients for the formulations, mixtures of ingredients from target diets 
and/or mechanistic studies are chosen so as to msmmWFi the synergistic effects, while 
avoiding or eliminating negative effects, across the spectrum of the disease (e.g. 

25 carcinogenesis) pathway(s), and physiologically relevant dosage levels for ''normal" 
populations and more aggressive dosage levels for older and higher risk populations are 
selected. The formulations are preferably orally ingested by subjects, and are takisn on a 
loi^-term, continuing and regular basis (especially daily or multiple times daily). 



wo 00/76492 



PCrAJSOO/16777 



7 

In another embodiment of the bidirectional, three-tiered screening process of the 
invention, a comprehensive analysis of findings firom clinical and basic research is 
conducted in which geographic (preferably worldwide) disease incidence patterns and 
relevant dietary micronutrients are analyzed, followed by an in-depth evaluation of 
5 human dietary patterns associated with disease at specific organ or system site(s). Next, 
mechanistic studies of the candidate micronutrient in animals, cellular systems, and other 
"in vitro" models are analyzed and results are integrated for design and fomiulation 
decisions. The candidate compoimds that are identified from this process are then 
considered relative to their efiBcacy in reducing the risk of a specific disease (or class or 

10 set of diseases) in relevant human studies and relative to factors such as their 

bioavailability and potential for synergy with other components. Based on such analysis 
and identification, final nutrient formulations are designed which optimize desired 
cellular protection and health syneigies and product safety. In a related method, physical 
conditions influenced by elements of diet other than disease per se are considered 

IS according to the foregoing method, so as to screen for active components having a 

beneficial efiect on, for example, sports perfomiance, beauty and cosmetic appearance, 
etc. 

StiU more particularly, the foregoing method may integrate global 
epidemiological and micronutrient data on cancer incidence and diet with a mechanistic 

20 understanding of human carcinogenesis to design organ-specific formulations for cancer 
risk reduction. Maximization of the synergistic effects of unique mixtures of ingredients 
is performed across all stages of the carcinogenesis process to optimize dosages based on 
risks. The method is employed to synthesize evidence from molecular and human 
epidemiologic studies to create a disease fi:amework that describes the interplay between 

25 the molecular mechanisms and exogenous factors, including diet, that impact the 

carcinogenic process. Evaluation of the scientific literature within this framework results 
in the creation of an idealized chemoprevention list that includes a large collection of 
candidate risk reduction compounds that have demonstrated activity throughout tiie 
carcinogenic process. The candidate compound list is optimized for risk reduction at 
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specific organ sites by evaluating both the carcinogenic processes unique to a given organ 
site and the bioavailability of a specific compound for that tissue type. The final product 
formulation is based on systmiatic evaluation of the scientific evidence for risk reduction 
in human populations. 

5 In a related process of the invention, product design and development follows an 

iterated process that is divided into four rounds of development In the first round of 
development, general knowledge regarding the regional distribution of cancer incidence, 
the unique diets or dietary patterns associated with regions of high and low incidence and 
the cellular mechanisms involved in disease development are reviewed. A list of 

10 candidate compounds for consideration generated. The next stage of product 

development focuses on a preliminary literature review to summarize current information 
and hypotheses regarding the development of organ specific cancers including disease 
etiology, detection, treatment and chemoprevention. A list of candidate compounds for 
the product formulation is thereby generated. In the third stage of product development, 

1 5 human, animal and in vitro data is evaluated for evidrace of efScacy as chemopreventi ve 
agents. These investigations focus on mechanism of action, toxicity, safety, 
bioavailability, opportunities for synergy, formulation and dosage recommendations. The 
final product formulation is thereby established. In the final stage of product design, 
specific manufacturing deifications for the final product are ascertained. 

20 In one preferred aspect of the invention, the formulation of the invention is a 

combination of nutrients useful in maintaining oxidative balance in a human or other 
mammalian subject, as described in more detail below. This formulation has balanced 
antioxidant properties and is particularly useful in reducing the risk of cancer diseases 
generally (i.e., as a disease class). Such a combination preferably comprises the nutrient 

25 ingredients specified below, wherein each nutrient ingredient is contained in a measured 
amoimt such that the proportional amount of each respective nutrient ingredient, relative 
to the other nutrient ingredient measured amounts in the combination, is as follows: 
Vitamin E: 50-500 lU 

Vitamin C: 60*500 mg 
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Selenium: 20-300 meg 

N-acetyl-l-cysteine: 500-2000 mg 

Cmcumin: S-50 mg 

Mixed Polyphenols: 500-1 500 mg green tea extract, standardized 

5 to >60% polyphenols 

Mixed Carotenoids: 500-2000 mg mixed vegetable extract, 1200 

mg extract being equivalent in mixed carotenoid content to five vegetable 
servings. 

Thus, in this preferred formulation the listed nutrient ingredient components are 

1 0 contained in the combination in relative amounts or ratios defined by the respective 

content ranges listed. It will be recognized that the absolute concentrations of the listed 
components may vary among dififerent formulations of the combination, as for example 
between a dilute formulation and a more concentrated formulation, but the ratios (relative 
anoounts) of the components will nevertheless remain as specified above. 

15 As with odier fonnulations and combinations of the present invention, some or all 

of the nutrient combination may be formulated in a unit dosage form, such as a pill, 
capsule or tablet form, or some or all of the combination may be in bulk form such as a 
powder or hquid (solution, suspension, emulsion, tmcture, etc.) form. Preferably, the 
combination is formulated in a single unit dosage form (e.g. a pill), such that the subject 

20 can ingest one or more piUs all of the same type according to the recommended 

administration schedule. Alternatively, depending on exigencies of formiilation that are 
within the skill of the art given the present disclosure, the combination may be 
formulated in two or more discrete administration forms, preferably packaged together 
with instructions for use, that together constitute the described combination. For 

25 example, the combination may comprise two discrete unit dosage forms (e.g. a pill 

containing certain of the listed nutrient ingredient components and a C2q>sule containing 
the remainmg components; or a pill containmg certain of the listed components and a 
liquid form containing the rest). 
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In a particularly preferred form of this oxidative balance formulation^ the 
combination of nutrient ingredients is formulated in such a manner so as to allow the 
subject to receive daily dosages of the components in approximately the following 
amounts: 

5 Vitamin E: 400 lU daily 

Vitamin C: 500 mg daily 

Selenium: 1 00 meg daily 

N-acetyH-cy steine: 1 600 mg daily 

Curcumin: 10 mg daily 

10 Mixed Polyphenols: 1000 mg daily of green tea extract, 

standardized to ^0% polyphenols 

Mixed Carotenoids: 1200 mg daily of mixed vegetable extract 

equivalent in mixed carotenoid content to five vegetable servings. 
It is preferred that the daily dosages of the specified components be within about 
1 5 ±20% of the amounts specified above, and more preferably within about ±1 0% of 
the amounts specified above. Such tolerance ranges for each of the separate 
components may be specified individually and need not all be the same. 

^th the exception of the two extract ingredients noted above, the masses 
specified in the right-hand column correspond to the masses of the specific 
20 components listed in the left-hand colimms. In the case of selenium, for example, 
the specified dosage amount is ^proximately 100 meg of the element selenium 
per se; this amount may be incorporated into the formulation in the form of (for 
example) /-selenomethonine which, of course, will weigh more than 100 meg. 

In this and other formulations of the invention, the components of the 
25 combination are preferably packaged together with instructions directing how the 
combination should be administered to the subject, including for example a timing 
schedule for administering the combination (e.g, the number of pills to be taken, the 
number of times each day they should be taken, etc.). Such instructions may also include 
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information identifying the benefits and purposes of the formulation, indications for use, 
etc. 

The above formulation and others of tiie invention may additionally include other 
active agents. For example, the formulation above may include one or more additional 
5 antioxidant agents beyond the antioxidant active components specified above. In another 
preferred embodiment, however, the active agents of the formulations (or more 
specifically, for example, the antioxidant active agents) will consist essentially of those 
specified in the present disclosure. 

In another preferred aspect of the invention, the formulation of the invention is 
10 combination of nutrients usefiil in reducing colorectal cancer risk in a human or other 
mam mal i an subject, as described in more detail below. Such a combination preferably 
comprises the nutrient ingredients specified below, wherein each nutrient ingredient is 
contained in a measured amount such that tiie proportional amoimt of each respective 
nutrient ingredient, relative to the other nutrient ingredimt measured amounts in the 
15 combination, is as follows: 

Salicin: 20-200 mg 

Curcumin: S-SO mg 

Calcium: 200-2500 mg 

VitaminD: 100-1000 lU 

20 Folic Acid: 200-1000 meg 

Vitamin 65: 0.5-10 mg 

Vitamin B12: 0.1-100 meg. 

In a particularly preferred form of this colorectal health formulation, the 
combination of nutrient ingredients is formulated in such a manner so as to allow the 
25 subject to receive daily dosages of the components in q)proximately the following 
amounts: 

Salicin: 120 mg daily 

Curcumin: 10 mg daily 

Calcium: 800 mg daily 
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Vitamin D: 



400 lU daily 
800 meg daily 
2 mg daily 
6 meg daily. 



Folie Add: 



Vitamin 65: 
Vitamin Bn: 



It is preferred that the daily dosages of the specified components be within about 
±20% of the amounts specified above, and more preferably within about ±10% of 
the amounts specified above. Such tolerance ranges for each of the separate 
components may be specified individually and need not all be the same. 



relative vs. absolute amounts of components and the quantitation thereof, the use 
of unit dosage and/or bulk forms, packaging and providing instructions for use, 
inclusion of additional active agmits, etc., are as summarized above with respect 
to tiie oxidative balance nutrient formulation of the invention. 

In still another aspect, the invention provides methods of reducing cancer 
risk generaUy, and methods of reducing colorectal cancer risk, comprising 
administering to a human or other fnammaHan subject a combination of nutrients 
as specified herein, preferably according to specified administration schedule. 

Other aspects of the invention will become tqpparent fiom the detailed 
description below, and firom the appended claims. 
Brief Description of the Drawings 

FIG. 1 shows the chemical structure of vitamin E, in one preferred form. 

FIG. 2 shows the chemical stmcture of vitamin C, in one preferred form. 

FIG. 3 shows the chemical structure of a selenium nutrient ingredient, in one 
preferred form (/-selenomethionone). 

FIG. 4 shows tiie chemical structure of NAC, in one preferred form (N-acetyl- 
/-cysteine). 

FIG. 5 shows the chemical structure of curcumin. 

FIG. 6 shows the chemical structure of several preferred green tea polyphenols. 



Other general aspects of this colorectal health formulation, as for example 
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FIG. 7 shows the ch^cal structure of several preferred vegetable/firuit 
carotenoids. 

FIG. 8 shows the chemical structure of salidn. 

FIG. 9 shows the chemical structure of vitamin D, in one preferred form. 
5 FIG. 10 shows the chemical structure of folic acid. 

FIG. 1 1 shows the chemical structures of vitamin Be, including a preferred 
pyridoxine form. 

FIG. 12 shows the chemical structure of vitamin Bn, in one preferred form. 
Detailed Description 

10 Evidence is convincing that nutritional supplements containing a single 

component or vitamin are not effective in reducing the risk of cancer and numerous other 
diseases, but rather mixtures that capture several key nutritional elements of the diet 
function best in reducing, e.g., cancer risk [21]. Further, several specific components 
may optimize (and/or be required for) the anti-tumor or other disease reduction activity of 

15 another component 

For example, vegetables and fruits form a variable part of diets throughout the 
world and are rich in antioxidant compounds such as seleniuni, N-acetyM-cysteine and 
vitamins A, E, C, and carotenoids (betarcarotene, lycopene and others). In addition, 
specific plant materials, known as phytochemicals, also act as antioxidants in humans. 

20 Vitamin C is required to prevent the auto-oxidation of vitamin E, and vitamin E 
optimizes the role of selenium as an antioxidant These synergies are critical in 
opti mizing , for example, the cancer risk reduction potential of nutritional supplemrats. 
Based on this recognition, the screening process of the present invention includes, in one 
aspect, identifying and selecting a range of vitamins and active botanicals that act in 

25 specific phases of the carcinogenesis process. Thus, one guiding principle in the 
development of the formulations of the invention is to achieve a balance of multiple 
active component nutrients. Specifically in the context of cancer reduction, for example, 
antioxidant formulations are designed according to the invention to achieve an 
appropriate balance between antioxidants and pro-oxidants (i.e., an oxidative balance). 



wo 00/76492 



PCTAJSOO/16777 



14 

Furthetmore, fonnulations have been developed for specific risk and ''nonnal" 
populations, and dosages reflect the general differential needs of these groiq)S. 

EXAMPLE 1 - Antioxidant (Oxidative Balanced Formulations of the Invention 

In one aspect, the scientific sqpproadi of the invention is based on utilizing 
5 evidence fit>m the three screening tiers described above to optimize the synergy and 
effectivoiess of individual dietary supplements to maYimiTe their integrated cancer risk 
reduction potential in normal and high-risk popiilations. As an example, a preferred 
antioxidant formulation of the invention useful in cancer risk reduction is composed of 
seven key antioxidants that act at all phases of carcinogenesis to protect against DNA 

10 damage during initiation and/or injury to cell membranes and other vital structures during 
promotion and progressioiL All of the ingredients preferably represent natural forms of 
specific vitamins and nutrients and are selected to produce maYiimim synergy. The 
described antioxidant formulations provide for the maintenance and/or restoration of 
physiologic balance, i.e. oxidative balance, in all populations. Such antioxidant 

IS formulations are designed for the ^normal'* healthy adult population (20-40 years of age) 
and for all older and high-risk populatinn5s to maint ain nYiHat^t-?*nt?oxidant balance The 
antioxidant formulations minimize cellular oxidative damage fiom fiiee radicals and 
reactive oxygen species, vAuic maintaining the benefits of oxidants and pro-oxidants in 
the cell. The antioxidant formulations are designed to maintain oxidative balance when 

20 taken over an extended period of years in all populations, with no concern for toxicity. 

A natural consequence of aerobic metabolism is the production of highly reactive 
molecules called free radicals and a related subclass of molecules, reactive oxygen 
species (ROS). Although these reactive molecules are cq>able of cau^g cellular 
oxidative damage associated with carcinogenesis, some of them also play critical roles in 

25 stimulating important cellular functions. As a resxilt of this dual biological function, cells 
utilize a system of free radical scavengers and enzymes to maintain a balance of fi«e 
radical formation and removal. Maintaining oxidative balance is important for 
minimizing oxidative damage to cells and tissues (cancer risk) while preserving the 
important signaling properties associated with these some of these reactive molecules. 
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Plants have developed extensive systems of protection against the free radicals 
and ROS that are generated as byproducts of oxidative metabolism. A plant-based diet 
provides humans with their major evolutionary protective advantage against cellular 
damage from life in an oxygen rich envirormient, specifically protection from free 
5 radicals and ROS. Many of the agents found in fruits and vegetables are still the best 
source of protection against damage by free radicals and ROS, and ultimately against the 
development of cancer. Scientific evidence has demonstrated that antioxidants can 
inhibit oxidative damage to DNA to prevent initiation and protect cells and tissues fix)m 
oxidants and pro-oxidants during the promotion and progression phases of 

10 carcinogenesis. 

The metabolic production of ROS both directly and indirectly modulates cellular 
processes involved in carcinogenesis [22]. ROS are capable of damaging important 
cellular components such as DNA, proteins and lipids. ROS include hydroxyl radical, 
siq[>eroxide anion radical, hydrogen peroxide, singlet oxygen, hypochlorite, nitric oxide 

IS radical and peroxynitrite. 

Antioxidants protect proteins, lipids and DNA from oxidative damage by 
neutralizing free radicals and ROS that are generated during normal cellular metabolism 
and during envirormiental exposure to carcinogens. For example, vitamin E is the major 
lipid soluble antioxidant that protects cell membranes against the destructive chain 

20 reactions associated witti lipid peroxidation. Vitamin C acts by quenchmg ROS and can 
also regenerate the reduced antioxidant form of vitamin E. Trace minerals (such as 
selenium) can also act as antioxidants due to Iheir incorporation into enzymes such as the 
glutathione peroxidases and superoxide dismutases, which act to convert ROS to less 
reactive components. 

25 Since free radicals and ROS are a natural consequence of aerobic metabolism, 

cells utilize a system of free radical scavengers and enzymes to maintain the balance of 
free radical formation and removal. Maintaining oxidative balance is important for 
minimizing oxidative damage to cells and tissues while preserving the important 
signaling properties associate with ROS [23, 24]. The importance of oxidative balance 
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for human health was first proposed by McCord, based on apparently conflicting 
observations with regard to the use of the antioxidant enzyme, siqperoxide dismutase, as a 
protective therapeutic agent [23, 24]. E}q)erimental studies demonstrated that a balance 
between the production of superoxide radical and the amount of superoxide dismutase 
5 present was critical for optinial cellular or orgatiismal function. Thus, the 

oxidant/antioxidant balance represents an important cellular equilibrium that minimizes 
oxidative cellular damage while preserving important cellular and signaling functions 
associated wiA ROS. 

The ceUular oxidant-antioxidant balance is maintained by a series of enzymes 

1 0 including superoxide dismutases, glutathione peroxidases, catalases and several vitamins 
and micronutrients that modulate the kinetics of initiation, propagation and temwiation of 
free-radical mediated events. One approach to maintaining oxidative balance is to 
prevent the formation of the initiating radical species or fecilitating its removal. 
Compounds and enzymes that effectively scavenge reactive oxygen and thus block the 

1 S subsequent chain reaction can effectively inhibit propagation reactions that lead to the 
amplification of the initial radical-dependent event 

Based on the multi-stage model of carcinogenesis (initiation, promotion and 
progresdon), compounds that act at the initiation stage would provide a first line of 
defense for cancer risk reduction. Compounds in this class would include substances that 

20 reduce the synthesis of carcinogens in the body (e.g., vitamin C, vAich inhibits the 

formation of nitrosamines in the stomach); chemicals that inhibit the metabolic activation 
of carcinogens by Phase I enzymes or enhance their detoxification by Phase I or Phase n 
enzymes (e.g., indoles and carotenoids, cruciferom vegetables); antioxidants that 
scavenge fiee radicals (e.g., selenium and a-tocopherol); and chemicals that trap ultimate 

25 carcinogens, preventing their interactions with DNA. 

Suppressing agents act to inhibit the carcinogenic process after initiation and 
appear to work through a variety of mechanisms. These include alterations in gene 
expression, cell proliferation and clonal expansion, as well as induction of differentiation, 
senescence or q)optosis. Vitamin E and many antioxidants in fruits and vegetables have 
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demonstrated activity post-initiatioxL Vitamin E is especially important in main tainitig 
the integrity of membranes and blocking lipid peroxidation. Experimental and 
epidemiological studies suggest in the context of the present invention that other 
substances, such as organo sulfur compounds (e.g., N-acetyH-cysteine G^AC), curcumin 
5 in tunneric/curry, polyphenols in green tea, and various protease inhibitors), may also be 
useful in preventing tumor formation at stages post-initiation. For example, NAC 
specifically acts as an intermediate in the formation of glutathione, a key cellular 
protective mechanism against oxidative damage. 

As a result of screening investigations according to the present invention, 

10 antioxidant formtilations have been identified adhering to the premise that a combination 
of compounds with a variety of antioxidant activities would provide optimal synergistic 
protection firom oxidative dam^e and promote oxidative balance. It is believed that this 
concept offers the most proniisingq>proach to reduce overall cancer risk. The following 
represents the key summary rationale for inclusion of specific ingredients in the 

15 antioxidant formulations of the invention: 

Vitamin F fas d-a-tocopherol succinate^ - Vitamin E is a lipid soluble compound 
and the most significant antioxidant activity of vitamin E is localized to cellular 
membranes. 

20 Vitamin E maintains oxidative balance by protecting cellular membranes fiom 
lipid peroxidation by terminating ROS initiated chain reactions and 
complementing the antioxidant activity of selenium. 

Vitamin C fas calcium ascorbatel - Vitamin C is water-soluble, found in aqueous 
25 cellular compartments and is a first line of defense against direct firee radical 
exposure (e.g., radiation, sunlight). Vitamin C maintainR oxidative balance by 
effectively scavenging fiee radicals produced in the aqueous cellular cytopla^ 
and by recycling (protecting) vitamin E in cellular membranes. 
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Selenium (as l-selenomethionine) - Selenium is an essential nonmetallic trace 
element that functions as an essential component of antioxidant enzymes that 
maintain oxidative balance by removing DNA-damaging hydrogen peroxide and 
lipid hydroperoxides. These selenium-dependent enzymes, and glutathione are 
5 associated with both the cytosolic and membrane compartments of the celL 

N-acetvl-l-cvsteine (NAO - A water soluble organosulfiir compound that 
promotes detoxification and is a precursor and stimulant of glutathione synthesis, 
a major defense mechanism in maintaining oxidative balance. The main 
10 antioxidant activity associated with NAC aside firom detoxification is protection 
of DNA fix)m oxidative damage. 

Curoumin (fit)m turmeric extract'^ — Maintains oxidative balance by acting as a 
general antioxidant scavenger of ROS and protects membranes from lipid 
15 peroxidation. 

Mixed Polvphenols (Srom green tea extract^ - Inhibit the formation of free 
radicals and reduce the level of lipid peroxidation by stimulating the production of 
Phase n detoxifying enzymes including glutathione reductase, glutathione 
20 peroxidase, glutathione S-tninsferase, catalase and quinone reductase to maint ain 
oxidative balance. 

Mixed Carotenoids (Scorn mixed vegetable extract^ - Maintain oxidative balance 
by providing membranes with a variety of scavengers of ROS. The chemical 
25 structure of carotenoids provides multiple sites for interaction with free radicals 
and ROS. The chemical diversity of this mixture of compounds optimizes the 
reactivity, xxpteke and tissue distribution in biological systems. Carotenoids are 
lipophilic and are localized to cellular membranes.. 
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The prefened antioxidant fonnulation of the invention is composed of sevoi 
principal antioxidants (see Table 1 below), that act throughout the carcinogenesis process 
to maintain cellular oxidative balance. As explained above, the antioxidants protect 
proteins, lipids and DNA from oxidative damage by neutralizing fi«e radicals and ROS 
5 that are generated during normal cellular metabolism and during environmental exposure 
to carcinogens. The key antioxidants in the present antioxidant formulation act to protect 
against DNA damage during initiation and/or injury to cell membranes and other vital 
structures during promotion and progression. All of the ingredients preferably represent 
natural forms of specific vitamins and nutrients and have been selected to produce 

10 maximum synergy. 

The recommended daily amount is preferably taken in two divided doses. Dosage 
levels and timing of doses are reconunended to maximize synergy of the individual 
components and insure their activity, as the half-life of most of the antioxidants is 6-12 
hours. The composition and dosages are preferably formulated to approximate natural 

1 5 sources and to optimize the synergy of the components and interactions of tiie individual 
components. 

The antioxidant formulation as exemplified below is intended as a general 
formulation for use by all populations, including especially individuals having low or 
normal risk to cancer. As indicated herein, dosages will typically be customized for 
20 individuals that have a higher risk of cancer, for example older individuals, those with a 
genetic predisposition to one or more cancer diseases, smokers, ete. Furthermore, it will 
be apparent given the present disclosure that dosages can readily be adjusted i^)ward or 
downward for subjects havmg abnormally high or low body weight or extremes of diet 
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Table 1 . Antioxidant Fonnulation Composition for the General Population - Component 

Ranges and Recommended Dose. 



Compound (and preferred source form) 


Component Ranges 
(Relative) 


Daily Dose 


Vitamin E (as d-a-tocopherol succinate) 


50-500 lU 


400 lU 


Vitamin C (calcium ascorbate) 


60-500 mg 


500 mg 


Selenium (as 1-selenomethionine) 


20-300 meg 


100 meg 


N-acetyl-l-cysteine (NAC) 


500-2000 mg 


1600 mg 


Curcumin (firom turmeric extract. 


5-50 mg 


10 mg 


standardised to 95% curcuminoids) 






Mixed Polyphenols 


500-1500 mg extract 


1000 mg extract 


(firom green tea extract) 


standardized to 


standardized to 




>60% polyphenols 


>60% polyphenols 


Mixed Carotenoids 


500-2000 mg mixed 


1200mgmbced 


(firom mixed vegetable extract) 


vegetable extract(s) 


vegetable extiact(s). 






equivalent in mixed 






carotenoid content to 






that found in 5 






servings of 






vegetables 



Abbreviations: lU, international unit; meg, micrograms 

5 It is preferred that the daily dosages of the specified components be within about ±20% 
of the amounts specified above, and more preferably within about ±10% of the amounts 
specified above. Such tolerance ranges for each of the separate components may be 
specified individually and need not all be the same. 

As indicated above, it is preferred that the active components of the formulations 
10 of the invention be obtained fipom natural sources, if such are avaUable, as for example 
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the sources indicated in Table 1 above or elsewhere herein. It will be recognized in view 
of the present disclosure, however, that alternative sources of these and other active 
components may be utilized, including synthetic materials, components obtained from 
natural (especially plant, or yeast or bacterial) sources different from those mentioned 
5 hereiii, and mixtures of different sources Aether iiatural or synthetic. For example, in 
the case of the Mixed Carotenoid component specified above, it is contemplated that 
some or all of the preferred carotenoids shown in FIG. 7 may be chemically synthesized 
and combined (optionally with one or more naturally-derived carotenoids) to form a 
^'cocktail*' that approximates the natural extract mixture specified above. 
1 0 The antioxidant formulation exemplified above was identified by the present 

inventors usii^ the three-tiered screening mefliod described herein. The application of 
that method in the context of the exemplified antioxidant formulation will now be 
described in more detail. 

ViiaminE 

IS The cheiiiical structure ofthe preferred form ofvitaminE is shown in FIG. 1. 

The preferred form of vitamin E is as follows: 
Form: as </-a-tocopherol 

CAS Name (9CI): 3,4-Dihydro-2,5,7,8-tetramethyl.2-(4,8,12- 
trimefliyltridecyl>-2fl-l-berizopyran-6-ol 
20 Vitamin E is a lipid soluble antioxidant representing one of the body's primary defenses 
against cellular oxidative damage. All vitamin E in the human body is derived from the 
diet and includes multiple chemical forms. Major dietary sources of vitamin E aie 
vegetable oils, margarine and shortening, with nuts, seeds, whole grains and wheat germ 
providing additional sources. **Vitamin E" includes eight different chemical forms: four 
25 tocopherols and four tocotrienols. Hie most biologically active form of vitamin E is a- 
tocopherol [30]. 

Vitamin E localizes in cellular membranes and is the major chain-breaking 
antioxidant to protect membranes against lipid peroxidation, especially reactions initiated 
by the very destructive hydroxyl radical (OH*) [31]. Vitamin E protects cell membranes 
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at an early stage of fiee-radical attack via its ability to quench fiee-radical activity [32- 
34]. Epidoniologic studies indicate that vitamin E intake is associated vwth a reduced 
risk of cancer at multiple sites. A nutritional intervention trial in Limdan (China) found 
that nutritional doses of vitamin E in combination with p-caiotene and selenium were 
5 associated with a 13% decrease in mortality from all cancers and a 21 % decrease in 
mortality fiom stomach cancer [35]. Vitamin E intake has also been associated with a 
decreased incidence of colon cancer [36. 37] and 34% decrease in the incidence of 
prostate cancer [37]. 

In addition to vitamin E's antioxidant activity, increased vitamin E intake has also 

10 been shown to enhance immune function that may promote the body's defense against 
cancer. Other properties that may contribute to cancer risk reduction include the ability 
of vitamin E to mhibit nitrosamine formation [38]. 

Vitamin E, in ccnnbination wiA other antioxidants (e.g., sodium selenite and/or 
retinoids), has demonstrated enhanced chemopieventive activity. Vitamin E 

15 complements the antioxidant activity of selenium and is also known to have a sparing 
effect on P-carotene [39]. Thus, it has been suggested that tiie most effective strategy is 
to combine vitamin E with other antioxidants or retinoids [40]. 

Regardmg pharmacology and toxicology, vitamin E has many of flie 
characteristics that have been identified for optimal chemoprcventive agents. Vitamin E 

20 has been shown to accumulate in many tissues including fat [21 8]. a-Tocopherol is 
earned by lipoproteins in the blood and levels of vitamin E in serum are directly related 
to dietary and supplemental intake [34]. In addition, vitamin E has extremely low 
toxicity, making it an excellent candidate for chemoprevention [219]. 

The bioavailability of natural forms of vitamin E is higher than that for synthetic 

15 forms. The discrimination between different fomis of vitamin E is not due to differences 
in absorption but is due to tiie specificity of enzymes involved in vitamin E transfer 
between membranes [220-223]. Natural vitamin E, obtained from food sources, is a 
single steroisomer designated RRR-a-tocopherol or d-a-tocopherol. Synthetic vitamin E 
is produced commercially and contains a mixture of eight different steroisomeis. The 
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transfer proteins important for regulating plasma levels of vitamin E preferentially 
recognize d-a-tocophm>i. Thus, natural vitamin E is more bioavailable and is retained in 
body tissues significantly longer than synthetic vitamin E [41, 224]. 

The most serious side effect related to vitamin E intake is antagonism of vitamin 
5 K activity, which has been demonstrated in both preclinical and clinical studies. A 
significant concem is bleeding in vitamin K-deficient patients after prolonged daily 
intake of >800 lU [225, 226]. Although high doses of vitamin E are required, this could 
represent a serious complication m combination with anticoagulant thers?)y or vitamin K 
malabsorption syndrome [40]. 
10 The US Pharmacopoeia monograph [227] has defined vitamin E for drug use as * 

or £i/-a-tocophen>l, rf- or ^/-a*tocopherol succinate or d- or d^/-a-tocopherol acetate 
[226,228]. The following compounds have GRAS status as food additives; J-ord^/-a- 
tocopherol and a-*tocopherol acetate. 

It has been demonstrated a-tocopherol and ascorbic acid synergistically inhibit 
15 the oxidation of liposomal membranes [229, 230]. 
Vitamin C 

The chemical structure of Vitamin C is shown in FIG. 2. The preferred form of 
Vitamin E is as follows: 

Form: calcium ascorbate 

20 Molecular weight: 176.14 

The chemical core of vitamin C is composed of a five-membered lactone ring contaming 
a bifimctional ene-diol group and an adjacent carbonyl group. Ascorbate is highly 
soluble in water (-1 g dissolves in 3 ml of water). It is insoluble in nonpolar organic 
solvents such as benzene, petroleum ether, fats and their solvent [25]. 

25 The unusual chemical structure, thermodynamic redox potential and rapid 

reaction kinetics observed for ascorbate support its unique role as the termmal small 
molecule antioxidant in biological systems [41]. Ascorbic acid (ASC) exists in three 
different redox states in biological systems: ASC, semidehydroascorbate (SDA), and 
dehydroascorbate (DHA). DHA is formed as the resuh of two consecutive and 
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reversible, one-electron oxidation processes. Because the unpaired electron is in a highly 
delocalized n-system, tiie ascorbate radical is relatively unreactive. Thus, the 
thermodynamics and kinetics of ascoihate chemistry make ASC a superior biological 
donor antioxidant [41]. SDA and DHA are recycled via reduction back to ascorbate by 
5 endogenous enzyme systems. 

There is significant evidence demonstrating that ascorbate enhances the 
antioxidant action of vitamin E by reducing reduction of the tocopheroxyl radical [42- 
47], The reactions between the tocopheroxyl radical and ascorbate provide a mechanism 
for exporting oxidative fi^e radicals away from the cellular membranes. In essence, 

10 tocopherols protect membranes by stopping propagation reactions of hpid peioxy radicals 
and ascorbate acts by protecting the membrane against possible damage from the 
tocopheroxyl radical. Thus, ascorbate helps to maintain oxidative balance by scavenging 
free radicals and recycling the useful forms of other antioxidants, such as vitamin E. 
Epidoniologic data suggest an inverse relationship between cancer risk and 

15 dietary vitamm C intake [1, 6, 8, 9]. Numerous observational studies have found that 
lung cancer risk was lower among people with highest levels of vitamin C intake. 
Similar observations were made concerning vitamin C intake and the risk of colorectal 
cancer, breast cancer, oral and esophageal cancer and stomach cancer [3]. 

Regarding pharmacology and toxocology, humans require dietary intake of 

20 ascorbic acid, and uptake is mediated by sodium-dependent transport mechanisms [23 1 ]. 
Absorption of dietary ascorbate is nearly complete [232], is half-maximal at about 1 mM 
and shows saturation characteristics. Evidence suggests that ascorbic acid is mostly free 
m the cytoplasm of cells and that cells have active uptake mechanisms to concentrate 
ascorbic acid in tissues. Vitamin C has low toxicity and relatively few side effects [233], 

25 Selenium 

The chemical structure of a preferred form of selenium is shown in FIG. 3 . The 
preferred form of selenium is as follows: 
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Form: /-selenomethionine 

CAS Name (9CI): (S)-2-Amino-4-(methylseleno)biilanoic Acid 
Molecular Weight: 196.1 
The observation that the geographical distribution of selenium in forage crops was 
5 inversely associated with cancer mortality rates m the US indicated for the first time that 
selenium may be involved in cancer risk reduction [48]. It was subsequently 
demonstrated m multiple studies using a variety of populations that cancer mortality was 
inversely associated with selenium mtake for cancers of the colon, rectum, breast, ovary 
and lung [49-51]. Scientific evidence also demonstrates that cancer patients are generally 

1 0 of lower selenium status than healthy controls supporting an association between 

selenium status and cancer risk [52, 53]. In addition, low serum selenium levels have 
been associated with increased cancer risk for multiple sites [54-60]. Thus, there is 
significant epidemiological evidence demonstrating an inverse association between 
nutritional selenium status and cancer risk, suggesting that low selenium status may 

1 5 contribute to cancer development 

Three sets of clinical intervmtion trials conducted in China have shown that 
selenium intake is associated with cancer risk reduction. Two studies evaluating the 
eflfect of supplemental selenium intake on liver cancer risk in individuals canying the 
hq>atitis suifece-antigen found that selenium treatment eliminated liver cancer incidence 

20 among this group [61]. A third study demonstrated that selenium treatment had modest 
protective efifects against total and stomach cancer mortality [35], Finally in a decade 
long, double blind, placebo controlled, US trial, selenium supplementation was associated 
with lower incidences of total non-skin cancer, including cancer of the lung, colon- 
rectum and prostate as well as overall cancer mortality rate [62]. 

25 Animal and in vitro evidence suggests that selenium has two fimdamental roles in 

cancer prevention: as an essential component of antioxidant enzymes and as an 
anticarcinogenic metabolite (reviewed in [63]). Selenium is an essential component of 
the catalytic reaction center of glutathione peroxidases [64]. These selenium-dependent 
en2ymes function to maintain oxidative balance by removing DNA-damaging hydrogen 
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peroxide and lipid hydroperoxides. Many proteins contain selenium in the fonn of 
selmocysteine, wdiich is incorporated by the co-tiansladonal modification of transfer 
RNA-bound serine at certain loci encoded by specific macil-guanine-adenine codons [65, 
661. 

5 In addition to antioxidant activities, selenium compounds have anti-initiation 

effects through altered carcinogen metabolism, as well as antiproliferative effects 
resulting fiom inhibhion of DNA [67] and protein synthesis [68, 69] and altered immune 
fimction [70, 71]. 

Regarding pharmacology and toxicology, 1-selenomethionine is readily absorbed 
10 firom the gastromtestinal tract [234], L-selenomethionine is better absorbed and has a 
slower whole-body turnover when compared to selenite (inorganic selenium) [234]. 
Multiple studies demonstrate that supplementation with 1-selenomethionine results in 
increased plasma and tissue levels of selenium compared to other forms of selenium [235, 
236]. 

1 5 The form of supplemental selenium may play a significant role in toxicity. For 

example, original research on the role of selenium in the diet focused on toxic effects at 
high does [237]. The most effective q>proadr to reduce possible toxic effects of 
selenium is to use selenium m the form of seleno-organic compounds such as 
selmomethioriirie [238] that irisures the secure bindirig of the seleniiimatorrL The 

20 associated methionine aids in the safe metabolism of selenium [239] and it is this form 
that is preferred in the formulations of the present inventiorL 

Selenium appears to have a 10-fold range of safety between physiological and 
toxic levels in humans. The human maximum tolerated dose (MTD) of dietary selenium 
is estimated to be 819 jig selenium/day or 15 times the RDA. 

25 N-acetvU'Cvsteine (NAC) 

The chemical structtire of NAC shown in FIG. 4. The preferred form of NAC is 
as follows: 
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Form: /-isomer of N-acetylt^steine 
CAS Name (90): JV-AcetyW-cysteine 
Molecular weight: 163^ 
N-acetyl-l-cysteine (NAC) is a natural sulfur-containing amino acid derivative found in a 
5 variety offoods including fruits and vegetables. NAC is an acetylated variant of the 
amino acid L-cysteine that has free radical scavenging activity, stimulates glutathione 
(GSH) synthesis and promotes detoxification. Historically, NAC has been used as a 
mucolytic agent in a variety of respiratory ilhiesses and also improves conditions 
characterized by decreased GSH (acetaminophen overdose) and/or increased oxidative 
10 stress, such as HTV infection, cancer, heart disease and cigarette smoking. 

The diverse anay of pharmacological uses for NAC center on the nucleophilicity 
and redox interactions of the sulfhydryl group of the molecule. Oral administration of 
NAC suppUes the cysteine required to replenish GSH. GSH is a ubiquitous tripeptide 
that provides the principal inUBcellular defense against oxidative stress [72] and 
15 participates in the detoxification of many molecules [73], 

NAC has demonstrated both m vitro and in vivo antimutagenic [74] and 
anticarcinogenic activities. DNA adduct formation in rats was inhibited by NAC 
foUowingacetylaminofluorBneorbenzo[a]pyreneadniinistrati(m[74,75]. Orally 
administered NAC was also shown to depress the numbers of DNA adducts formed in lat 
20 tracheal epithelial cells after extended periods ofexposure to tobacco smoke [76]. In 
addition to protecting DNA from damage, NAC is also able to protect the fimction of 
enzymes involved in DNA repUcation and repair [77]. Evidence demonstrates that in 
addition to exhibitmg protective eflfects at the initiation stage of chemical carcinogenesis, 
NAC may also inhibit the invasiveness of malignant cells [78]. 
25 NAC has demonstrated anticarcmogenic activities in a variety of animal models. 

NAC has been shown to decrease the formation of lung tumors in uretfiane-tieated mice 
[79], prevent the formation of AAF- [80] and hydrazine- [81] induced sebaceous 
squamocellular carcinomas of the symbol glands of rats, and inhibit azoxymethane 
induced colon cancer in rats [82]. Administration of NAC has also been shown to reduce 
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the incidence of e^qsezimentally induced intestinal tumors [81]. A large multi-center 
clinical trial has been initiated to study flie chemoprotective potential of NAC in the 
development of second primary tumors in patients treated for lung, larynx and oral cancer 
[83]. 

5 The main biological activity associated with NAC is its ability to promote 

oxidative balance by stimulating GSH synthesis, enhancing glutathione S-transferase 
activity, and promoting detoxification [84]. In vitro and in vivo studies have 
demonstrated that NAC is able to enhance the intracellular biosynthesis of GSH [85-89]. 
In humans, NAC administration was associated with elevated circulatory levels of GSH 

1 0 [90-92]. Cell culture experiments have also shown that NAC promotes the uptake of 
cystine j&om the culture medium for cellular GSH biosynthesis [85]. In v/vo, NAC has 
been shown to increase intracellular GSH levels in erythrocytes, liver and lung cells, [86], 
and to replenish GSH stores following experimental depletion [87]. In humans, 
metabolism of acetaminophen is associated with an increased demand for GSH that can 

15 be offeet by administration of NAC [92]. 

In addition to stimulating GSH synthesis and carcinogen detoxification, NAC is a 
powerful scavenger of hypochlorous acid, and is capable of reducing hydroxy radicals, 
hydrogen peroxide and the superoxide anion [93, 94]. NAC has been shown to reduce 
oxygen toxicity of the lung caused by prolonged administration of 1 00% oxygen in 

20 animal studies [95]. While the sulfhydryl group is responsible for a great deal of the 
metabolic activity, the acetyl-substituted amino group makes NAC more stable against 
oxidation [96]. 

Recently, NAC has been shown to affect gene regulation by redox-sensitive 
transcription factors [97-99]. This type of gene regulation has been shown to modulate 
25 cellular adaptation to oxidative imbalance as well as control cell differentiation and cell 
deletion by apoptosis [100-105]. 

Thus, based on its antioxidant and detoxifying properties, as well as apparent 
safety and lack of major side effects [106, 107], NAC has been determined to be 
important for the maintenance of oxidative balance. 
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Regarding phannacology and toxicology, NAC is rapidly absorbed following an 
oral dose. Researchers have estimated the bioavailability of the intact NAC molecule to 
be only between 4-10% [240-242]. The low oral bioavailability of NAC may be due to 
sulfiiydiyl reactivity with proteins [242] and deacetylation in the mtestinal mucosa and 
5 lumen [243]. Deacetylation of NAC is specific for the L-isomer, with the D-isomer being 
poorly metabolized in human tissues. Cysteine and inorganic sulfite appear to be the 
major metaboUtes of NAC found in the liver. The plasma half-life office NAC is 
estimated to be about 2 hours with virtually no NAC detected 10-12 hours post- 
administration [242]. Following oral administration, plasma NAC concentrations peak in 

10 less than one hour [241, 242]. 

NAC has been traditionally utilized in a number of human diseases, is well 
tolerated and elicits few side effects. As with most agents, the pharmacokinetics of NAC 
is altered in patients with chronic liver disease. These compromised individuals exhibit 
increased scrum concentrations of NAC due to a decreased ability to clear NAC from the 

15 blood stream following an intravenous dose [244]. 

The LD50 of NAC is 7888 mg/kg m mice and greater than 6000 mg/kg in rats 
following oral doses. In animal fertility studies, no adverse effects were reported at does 
up to 250 mg/kg and no teratogenic effects were observed at does as high as 2000 mg/kg. 
In these same studies, NAC had no adva:se effects on delivery, physical development or 

20 lactation. 

Ctircumin 

The chemical structure of curcumin is shown in FIG. 5. Preferred forms of 
curcumin are as follows: 

Form: Curci/ma to/iga. Aqueous Extract 
25 Curcuma longa^ Acetone/Methanol Extract 

Curcuma longOy Volatile Oil 
CAS Name (9CI): (E,E)-l,7-Bis(4-hydroxy.3.methoxyphenyl)-l,6. 
heptadiene-3,5-dione 
Molecular weight: 368.4 
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Food-grade curcumin is composed three similar compounds, curcmnin (69-77%), 
demethoxycurcumin (17%) and bisdemcjthoxycurcumin (3-6%) [26]. The pure form of 
curcumin (>98%) is equally effective as the food-grade m a rat colon model for 
carcinogenesis [26], Particle size has been demonstrated to affect the bioavailability of 
curcumin. Pure curcumin is available in a defined homogeneous particle size fit>m, for 
example. Gene Print, Inc. A preferred curcumin extract is one that is standardized to 
95% curcuminoids). 

Curcumin (diferuloyl methane) is a phenolic antioxidant identified as the major 
pigment in turmeric, curry and mustard. Turmeric, the powdered rhizome fiom the root 
of the plant Curcuma longa, contains approximately 1-5% curcimun. Turmeric and 
curcumin are used as spices in foods and turmeric has been used an herbal remedy in the 
treatment of inflammatory diseases. Curcumin has been shown to exhibit a wide range of 
biological activities including both anti-inflammatory [108-1 10] and antioxidant 
properties [111, 112]. 

There is significant evidence in animal studies demonstrating that curcumin can 
inhibit tumors m several organs [26, 113, 1 14]. In addition, curcumin has demonstrated 
chemopreventive activity in all three stages of carcmogenesis [1 15]. Curcumin has been 
shown to inhibit chemically induced carcinogenesis in the skin, forestomach and colon 
vAiGu it was administered during initiation and/or post initiation stages [26, 116-1 19]. 
Curcumin was also shown to be effective when administered during the 
promotion/progression stage and siq>pressed the incidence and multiplicity of 
noninvasive adenocarcinomas and also strongly inhibited the multiplicity of invasive 
adenocarcmomas of the colon [115]. Thus, the chemopreventive activity of curcumin 
was observed >^en it was administered prior to, during and after carcinogen treatment as 
well as when it is given only during the promotion/progression phase of colon 
carcinogenesis [115]. 

Curcumin is the major antioxidant substance in turmeric. Curcimiin exerts a 
protective activity on cells suffering fix)m hydrogen peroxide (H202)-induced oxidative 
stress [120, 121]. Curcumin has been shown to scavenge ROS such as hydroxyl radical 
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[122-126], superoxide anion [126, 127], and singlet oxygen [128]. Curcumin interferes 
with lipid peroxidation [122, 129-137] and nitrite/nitrogen oxide production [138, 139]. 
Curcumin is also an inhibitor of neutrophil responses [127] and of superoxide generation 
in macrophages [140], 
5 In addition to antioxidant properties, curcumin has been shown to exhibit a 

diverse array of metabolic, cellular and molecular activities including inhibition of 
arachidonic acid formation and its further metabolism to eicosanoids [118, 141-143]. 
Evidence also suggests that curcumin acts on pathways that may inhibit ceD proliferation 
[144] and enhance apoptosis [145]. Curcumm inhibits several mediators and enzymes 

1 0 involved in cell mitogenic signal transduction pathways [146] and activator protein-1 and 
nuclear factor kB activation [147-149], 

Regarding pharmacology and toxicology, curcumin is generally recognized as 
safe (GRAS) for use as either the powder (1-5% curcumin) or as the oleoresin (organic 
extract containing 40-85% curcumm) [245]. Purified curcumin itself is not on the GRAS 

15 list, and has been given a temporary acceptable daily intake (ADI) level of 0.1 mg/kg-bw 
(0.27 jmiole/kg-bw) by the Joint FAO/WHO Expert Committee on Food Additives 
pending the completion of carcinogenicity and reproductive toxicity studies [245]. 

Curcumin was shown to be safe in preclinical studies when administered orally 
[245]. In addition, curcumin is presumed to be safe due to a long history of human usage 

20 in Asia - up to an estimated 95 mg/day as the food additive turmeric [245]. Unlike 
synthetic NSAIDs vMch also exhibit COX inhibition, curcumm does not (in general) 
produce gastrointestinal toxicity, even at veiy high doses, which provides an advantage 
over synthetic agents [245]. Concomitant administration of piperine increased the 
bioavaUabilityofcurcummby2000%. Thus piperine enhances the serum concentration, 

25 extent of absorption and bioavailability of curcumm in both rats and humans witii no 
adverse effects [246]. 

Additional details regarding curcumin are set forth below in die discussion of flie 
colorectal health formulations of the present invention, and are incorporated into this 
discussion. 
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Green Tea Extract 

Chemical stractures for various polyphenols of green tree (e.g. Camellea sinensis) 
extract are shown m FIG. 6. The preferred form is as follows: 
Form: Mixed Polyphenols 
CAS Names (9CI): See FIG. 6. 
Polyphenols represent a class of pharmacologically active antioxidant compounds present 
in green tea. FIG. 6 summarizes the structures of some of the important polyphenols 
(complex catechins) present in green tea [27]. The polyphenol content in tea leaves is 
dependent on the genetic makeup of the plant as well as environmental factors such as 
climate, light, rainfall, temperature, nutrient availability and leafage. Polyphenols 
represent 30-35% of the dry leaf. Polyphenols are water soluble, colorless substances 
with an astringent taste. The preferred source of green tea is that used in numerous 
scientific studies to examine its effects on cancer risk. 

Green tea is produced from the leaves of the tea plant. Camellia sinensis, an 
evergreen shrub in the femily of Theaceae. Complex catechins represrat the main 
antioxidant polyphenols found in tea leaves. Tea leaves also contain a polyphenol 
oxidase that is activated when the leaves of the plant are bruised during chopping and 
rolling at harvest Thepolyphenolcontmtof green tea is greater than that of black tea 
due to inactivation of the polyphenol oxidase by briefly heating or steaming the leaves 
prior to drying. Green tea is consumed primarily in Asian countries, such as Japan, 
China, and India and a few countries in North Africa and the Middle East [150, 151]. 
The concentration of tea is usually a 1-2% solution. Individuals drinking foxir or more 
cups of tea (extracted from lOg tea) per day have the equivalent benefit of eating two 
fiuits or vegetables [41]. 

Green tea contains polyphenols that act as powerful antioxidants. The four major 
catechins in green tea are (-)-^picatechm, (->epicatechm-3-gallate, (->epigallocathechm 
(EGC), and (->epigallocatechin-3-gallate (EGCG). EGCG is one of the most important 
compounds in green tea and it accounts for 40% of the polyphenolic mixture [150]. One 
cap of green tea usually contains about 300-400 mg of nontoxic polyphenols. 
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Epidemiological evidence demonstrates that increased consumption of green tea 
is associated with significant decreases in cancra- risk at multiple sites [150, 152, 153]. 
Increased green tea consumption was inversely associated with cancers of the stomach 
and esophagus [154-158], lung [159], pancreas [160], colon and rectum [160, 161]. In 
one study, the mvrase association betwerai green tea intake and stomach cancer incidence 
did not dq)end on the age when habitual tea drinking started, suggesting that the 
components found in green tea may disrupt gastric carcinogenesis at the intennediate and 
late stages of carcinogenesis [156]. 

Although still under investigation, evidence indicates that the compounds in green 
tea are active at all diree stages of cancer development including initiation, promotion 
and progression. Green tea and components of green tea extracts have been shown to 
inhibit initiating events by decreasing the metabolic formation of ROS and by repres»ng 
the catalytic activities of several P-450 enzymes and increasing the levels of Phase II 
detoxifying enzymes [162-165]. For example, the levels of detoxifying enzymes 
(glutathione reductase, glutathione peroxidase, glutathione S-transferase, catalase and 
quinone reductase) were significantly inoeased in the lungs, liver and small intestines of 
mice that ingested a polyphenolic firagmoit isolated fix>m green tea m the drinking water 
[162]. EGCG, the major component of green tea has also beoi associated with the 
inhibition of chemically induced lipid peroxidation and firee radical formation [125, 139, 
166-171]. 

Several mechanisms may be involved in the anti-initiation and anti-promotion 
activities of green tea. In addition to the antioxidant activity associate with green tea, 
research results indicate that components in green tea can inhibit growth and 
develoinnental aspects of transformed cells. These activities were associated with the 
inhibition of estrogen /receptor interactions [152], stabilization of gap junctions important 
for preserving intercellular communication [172, 173] and inhibition of PKC and cellular 
proUferation [152, 172, 174, 175]. Tea has also been shown to prevent the formation of 
nitrosamides that have been shown to induce stomach cancer in animal models [1 76, 
177]. 
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Regarding phannacology and toxicology. There are no specific toxicity issues 
cuirently identified for green tea [247]. Given the prolonged consumption of green tea in 
Asian cultures, safety should not be an issue. It has been suggested, however, that the 
chemopreventive activities of the compounds found in green tea are sensitive to the 
5 source and manu&cturing and storage techniques. Thus, it is preferred that standardized 
and well-characterized tea extracts be used in the practice of the present invention. 
Mixed Carotenoids 

Chemical structures for various carotenoids are shown in FIG. 7. The preferred 
form of the mixed carotenoids is as follows: 

10 Form: Carotenoids 

CAS Names (9CI): See FIG. 7. 
Carotenoids represent a class of hydrocarbons and their oxygenated derivatives (reviewed 
in [29]). Structurally, carotenoids consist of eight isoprenoid units joined so that their 
arrangement is reversed at the center of the molecule. In general, carotenoids available in 

15 a normal human diet arc extremely hydrophobic molecules that form aggregates or 
adhere nonspecifically to structural sur&ces. In vivo, fiee (i.e., not aggregated) 
carotenoids are restricted to hydrophobic environments. FIG. 7 summarizes the 
structures of some important carotenoids. 

Epidemiological studies have shown that cancer risk is inveisely related to the 

20 consumption offiuits and vegetables. Carotenoids are natural pigments synthesized by 
plants and microorganisms Oat arc thought to fimction as light absorbing pigments 
during photosynthesis and to protect cells fiom photosensitization [1 78]. Diets rich in 
carotenoid containing foods have been associated with a number of human health benefits 
includmg cancer risk reduction [179-182]. Carotenoids are hydrophobic molecules 

25 containing an extensive series of conjugated double bonds (1 83, 1 84] and based on their 
hydrophobicity are mostly associated with lipids and membranes. 

It is the unique structure and hydrophobicity of carotenoids that form the basis for 
their biological antioxidant activity as scavengers of ROS. The chemical structure of 
carotenoids provides multiple sites for interaction with fiee radicals and ROS [185-191]. 



wo 00/76492 



PCT/USOO/16777 



35 

Analyas of human sexam and breast milk lias identified more than 20 dietary carotenoids 
from fruits and vegetables that may be absorbed and metabolized by humans [1 92]. The 
diemical divosity of carotenoids optimizes the reactivity, uptake and tissue distribution 
of these compounds in biological systems. 

Carotenoids have demonstrated biological activities in addition to maintaining 
oxidative balance. Experimental evidence demonstrates that carotenoids modulate 
cytochrome P-450 metaboHsm [193], inhibit arachidonic acid metabolism [185], 
modulate the immune system [193-195] and mduce diflferentiation and/or g^ junction 
mtercellular communication [196-199]. 

Most epidemiological studies evaluating the effects of carotenoids and cancer risk 
have focused on p-carotene and lycopene. Carotenoid intake is associated with cancer 
risk reduction at multiple sites. The most consistent data have been obtained evaluating 
the efiecte of carotenoid mtake and reduction of lung cancer ride [200-202]. In addition, 
carotenoid intake has been associate with a reduced risk for cancer of the stomach [203- 
206], colon and rectum [206, 207], pancreas [208] and prostate [209, 210] m addition to 
other organ sites [21 1, 212]. These data are most compelling for prostate, lung and 
stomach cancer risk reduction [213]. 

Carotenoid structure strongly affects the physical properties, chemical reactivity 
and biologic fimctions of these compounds. It has been suggested that the size, shape, 
hydrophobicity and polarity of uadividual carotenoids m^ dramatically affect the 
bioavailability, absorption, circulation, tissue and subcellular distribution and excretion in 
"^"'"'^ [214-217]. A nuxture of carotenoids provides the maximum broad-^)ectrum 
opportunity to control carcinogenesis at all stages. 

Regardmg pharmacology and toxicology, the bioavaUability of p-carotene has 
been extensively studied, but much less is known about other carotenoids including 
lycopene. FoUoAving oral mtake, carotenoids are solubilized by the bile acids present in 
the mtestine and dissolved into lipid droplets within the stomach and duodenum [214, 
215]. Evidmce aiggests that carotenoid transport in plaana is exclusively via 
lipoproteins [215, 248]. Thus, dietary lipids may play an important role m carotenoid 
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dissolution and subsequent absorption [249-252]. In addition, decreases in lipid 
absorption due to either disease processes or drug interactions may also inhibit uptake. 
Carotenoids are not weU absorbed (25-75%) and are found unchanged in the feces [253]. 
Carotenoids as a groiq) have very low toxicity [41, 254]. 

5 

EXAMPLE 2 - Colorectal Health Formulations of the Invention 
In another aspect, the invention utilizes evidence from the three screening tiers 
described herein to achieve a balance of miiltiple nutrients designed to treat specific 
forms of disease, such as particular cancers. As an example, one nutrient formulation of 

10 the invention useful in colorectal cancer risk reduction comprises seven active 

components as described in more detail below, which were identified specifically for 
colorectal health conditions using the tiered screening method of the invention. Such 
colorectal health formulations are designed to promote optimum colorectal health by 
minimizing alterations to genetic material (often involved in initiation) and to min imiyi^ 

15 the effects of inflammatory processes associated with modified cell proliferation, 
^ptosis and/or angiogenesis, ofien involved in later stages of tumor development 
(promotion and progression). As with other nutrient formulations of the invention, such 
colorectal health formulations have been developed for specific risk and "normal" 
populations, and dosages reflect the general needs of these groups. 

20 Colorectal cancer is the fourth most common cancer in the world and it ranks 

second in trans of cancer deaths in the United States [257]. The incidence of colorectal 
cancer is similar for men and women except in high-incidence areas where rates for men 
exceed women by 20%. In addition, the incidence of rectal cancer is 1 .5 - 2 times as 
likely in men as in women. Although the epidemiology is somewhat different for colon 

25 and rectal cancer, data suggest that dietary risk factors are similar [258]. 

Colorectal cancer incidence rates vary 20-fold across different regions and 
populations around the world [256]. Colorectal cancer incidence is lowest in India, 
Afiica (all regions). South Eastem Asia, Melanesia, Micronesia/Polynesia, Eastern Asia 
(including China), Central America and the Tropical region of South America [258]. 
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Epidemiologic evidence indicates that the incidence of colorectal cancer is generally 
increasing in developed countries and in urban areas of developing countries [258]. The 
observation that the patterns of colorectal cancer are sensitive to human migration [259, 
260] and urbanization indicates that the mcidence of colorectal cancer is strongly affected 
by environmental fectors including diet In fact, it has been estimated that 70-90% of 
colorectal cancer deaths can be linked to diet [261]. It is generally agreed that colorectal 
cancer risk can be significantly modified by food and nutrition [258]. 

There are multiple molecular pathways involved in the development of colorectal 
cancer and significant scientific efforts are focused on elucidating the interplay between 
enviroimiental exposures and host susceptibilities and the development of the disease 
[256]. The molecular pathway to colorectal cancer is tightly coupled to the unique 
microarchitecture of the colon. Crypts that are qq)roximately 50 cells deep characterize 
the colon and it is these colonic crypt epithelial cells that are mvolved in the initiation of 
colon carcinogenesis. Colorectal cancer begms when crypt epithelial cells accumulate 
genetic alterations that impact the control of ceU growth and differentiation. As a result 
of these genetic changes, benign adenomatous polyps can arise in the colonic epithelium 
and if left undetected, some of these may transform into adenocarcinomas. On average 
this transfonnatibn process appears to take 10-15 years. 

Molecular changes in the adenomatous polyposis coli (APC)-P-catenin-T-cell 
factor (Tcf) pathway and die DNA mismatch repair pathway have been associated with 
both inherited and sporadic cancers. Changes in the expression of key genes in these 
pathways can be the result of inherited or acquired mutations or the result of DNA 
hypermethylation. 

Familial adenomatous polyposis (FAP) and hereditary nonpolyposis colorectal 
cancer (HNPCC) represent at least two familial syndromes that predispose individuals to 
colorectal cancer. Inherited mutations in DNA mismatch repair genes and the APC gene 
are responsible for the mcreased colorectal cancer incidence in these mdividuals [262]. 
Colorectal cancer expression occurs 15-20 years earlier in those with either syndrome 
compared to unaffected individuals [263]. Although these femiUal syndromes are rare 
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and account for 2-3% of colorectal cancer cases, the molecular mechanisms involved in 
carcinogenesis are similar to those observed in sporadic adenocarcinomas. These 
similarities have enabled investigators to identify environmental factors including diet 
that may influence the carcinogenic processes associated with these genetic alterations 
5 [256]. 

Risk factors for colorectal cancer include a positive family history for the disease 
and environmental exposures such as smoking, alcohol and diets high in red meat 
Although inconclusive, there is some evidence to suggest that iron intake may also be 
linked to increased colorectal cancer risk. Overall, epidemiologic and other evidence 

10 indicates that diets high in vegetables and regular physical exercise decrease the risk of 
colorectal cancer. Risk of developing colorectal cancer is also affected by several non- 
dietary factors including, genetic predisposition, ulcerative colitis, infection with 
Schistosoma sinensis and smoking tobacco [2S8]. 

The observation that consumption of heavily cooked meats containing high levels 

1 5 of heterocyclic amines (potential carcinogens) is associated with increased risk for 
colorectal cancer lead to the hypothesis that polymorphisms in the enzymes that 
metabolize heterocyclic amines may influence an individual's risk [264» 265]. The three 
relevant enzymes being investigated are AT-acetyltransferases, NATl and NAT2, and the 
cytochrome P450 enzyme CYP| a2. E5q)erimmtal evidence suggests that molecular 

20 difierences in the genes for these en^mes may modulate an individual's risk for 
colorectal cancer when combined with specific dietary patterns [256]. 

Folate is important for methyl group metabolism and may influence both DNA 
methylation and the available nucleotide pool for DNA replication and repak. 
Experimental studies suggest that adequate folate intake is associated with a reduced risk 

25 of colorectal cancer [266-269], vAnch is consistent with epidemiological evidence 

supporting the association between vegetable intake and colorectal cancer risk reduction. 
Preliminary results suggest that polymorphisms of the enzyme methylenetetrahydrofolate 
reductase (MTHFR) may modulate the impact of folate on colorectal cancer risk [270]. 
Thus, evictence is growing to support the hypothesis that an individual's cancer risk is 
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mediated by an interplay between diet and host response which can be mediated by 
genetic polymorphisms among genes involved in the metabolism of dietary components. 

Analysis of dietary patterns and colorectal cancer incidence has been used to 
identify dietary £3u:tors Aat may influence both the development and prevention of this 
S disease. As noted, meat consumption, smoking and alcohol consumption have been 
associated with an increased risk of colorectal cancer and vegetable consumption has 
been associated with a decreased risk [256, 433, 271]. In some regions of the world 
where colorectal cancer incidence is the lowest, for example m India [272], multiple 
dietary factors may contribute to the overall reduced risk such as a high intake of plant 

1 0 based foods coupled with a low intake of animal based foods. 

Current knowledge continues to elucidate the interrelationships of food, nutrition 
and other factors and their effect throughout the various stages of the colorectal cancer 
process, from initiation through progression and metastasis [273]. Known dietary 
carcinogens, such as heterocyclic amines, polycyclic aromatic hydrocarbons and N- 

15 nitroso compounds may play a role in the earliest stages of the cancer development 
process by direcUy contributing to the body's carcinogen load. The quahty of the diet 
may affect the extent to Mdiich such dietary carcinogens may initiate the cancer process. 
Diets high in vegetables provide a large number of bioactive compounds that induce 
detoxification enzymes and thus, plausibly reduce the body's DNA exposure to dietary 

20 carcinogois. 

Epidemiologic studies have demonstrated a strong association between colorectal 
cancer risk and vegetable and fruit intake. Seventeen out of twenty one case-control 
studies found that the risk of colorectal cancer was reduced for individuals with a higher 
intake of vegetables and fruit [258, 274], This observation has been particularly 
25 consistent for consumption of raw vegetables, green vegetables and cruciferous 
vegetables. In addition, a meta-analysis of six case-control studies found a 50% 
reduction in colorectal cancer incidence among individuals with the highest versus lowest 
consumption of vegetables [275]. 
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In the intennediate stages of carcinogenesis, appropriate energy balance and 
normal cell turnover are critical to fnaintaming normal cell behavior versus allowing 
promotion of abnormal cells. Evidence suggests that obesity increases the risk of 
tumorigenesis. Hence, caloric mtake and physical activity affect the likelUiood of 
progression of carcinogenesis at this stage. DNA damage is again central to cancer 
development in the later stages of the process, where a number of dietary factors may 
play key roles in blocking progression of the disease. These include folate (central to 
appropriate DNA methylation patterns and to the integrity of the nucleotide pool), fiber 
(produces volatile fatty acids which may increase programmed cell death of abnormal 
cells); and antioxidants (reduces the generation of free radicals and reactive o^^gen 
species (ROS) which further damage DNA). 

Folate and vitamin B 12 are central to methyl group metabolism and may influence 
both DNA methylation and the available nucleotide pool for DNA replication and repair. 
There is a growing body of evidence tfiat methylenetetrahydrofolate reductase (MTHFR) 
influences the association between low levels of folate and vitamin 612 and the risk for 
colorectal cancer. Individuals with a specific MTHFR polymorphism, TT, and low levels 
of folate and vitamin B 12 appear to be at highest risk, but the risk is normalized with 
adequate intake of these vitamins [270, 276, 277]. 

Clinical and molecular investigations have identified multiple molecular pathways 
involved in colorectal carcinogmesis and preliminary results suggest that colorectal 
cancer risk may be modulated by a dynamic interplay between host susceptibility and 
dietary patterns. The risk reduction approach of the present invention has been to focus 
on providing an optimal formulation of components that effectively compensates for an 
individual's molecular risk factors and dietary intake. 

The key micronutrients associated with lower colorectal cancer incidence have 
been determined using the screening methods of the present invention to include folate, 
fiber and antioxidants. Evidence from mechanistic and other studies suggest that calcium 
and vitamin D may also be effective in stopping and/or slowing colorectal cancer 
development By integrating binlirectional data such as these - top-down from 



wo 00/76492 



PCT/USOO/16777 



41 

q>idemiological studies and bottom-up fiom mechanistic studies - the present inventors 
have ascotained the improved colorectal cancer risk reduction formulations of the 
present invention. The selection of key ingredients is based on epidmiiologic studies of 
dietary patterns, analysis of the specific dietary components, identification of mechanistic 
opportunities for intervention in colorectal cancer progression, and evidence from 
clinical, animal and in vitro studies. The colorectal cancer risk reduction product as 
exemplified below is fonnulated to provide balanced, synergistic and rational dietary 
supplementation that is designed to intervene at various stages and interrupt specific 
mechanisms of carcinogenesis. 

The colorectal cancer risk reduction product is designed to provide both systemic 
and luminal exposure to selected compounds to optimize opportunities for intervention. 
Specifically, the ingredients include the following range of possible intervention targets: 
reducing the risk of genetic damage, via support of appropriate methylation of DNA and 
the mtegrity of tbe nucleotide pool; maintaining antioxidant/oxidant balance of the cell 
environment; directly blocking formation of ROS, thus decreasing the opportunity for 
inq)i»ropriate cell proliferation, secondary genetic hits, and generation and progression of 
dy splastic tissue formation; directly intervening in the cycloo}7genase pathway; and 
reducing and/or removing promoting chemicals from the cell environment 

Based on application of the three-tiered screening method of the present 
invention, the prefmed colorectal health formulation of the invention includes six 
principal dietary ingredients and a natural aiiti-iiiflammatory agent The components of 
the preferred colorectal cancer risk reduction product and their key mechanistic roles in 
tiie carcinogenic process include the following: 

Salicm - Salicin's major role is as a cyclooxygenase mhibitor (both COX-1 , 
constitutive form, and COX-2, inducible form), the enzyme responsible for 
biosynthesis of prostaglandins. This natural form of salicylic acid intervenes in 
prostaglandin synthesis pathways and cellular uaflammatory processes that are 
clearly shown to be up-regulated in colon cancer cells. Salicin has been shown to 
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modulate ceU proliferation, ^ptosis and angiogenesis, which often are involved 
in the later stages of tumor development (promotion and progression). 

Curcumin - Curcumin, discussed above, has been shown to exhibit both anti- 
oxidant and anti-inflammatory activity (COX inhibition). Evidence also shows 
that curcumin stimulates cell dififerentiation and apoptosis, and its activity has 
been demonstrated in both the initiation and progression stages of the colorectal 
carcinogenesis. 

Calcium - Calcium directly acts to reduce cell proliferation and reduce the 
potential promoting effects of bile acids and free fatty acids by conversion of 
these into insoluble calcium soaps in the large intestine. 

Vitamin H - Vitamin n primflrSly #>tiha«#>^ ♦Ko nf mlHum In 

addition, evidence suggests that vitamin D: inhibits cell proliferation, DNA 
synthesis, induction of orthnithine decarboxylase (ODC), lipid peroxidation and 
angiogenesis; induces cell dififermtiadon in colorectal cancer cells, TGF-p and 
possibly ^ptosis; modulates signal transduction by calcium and protein 
kinase C; and alters the expression of various oncogenes. 

Folic Acid - Folic acid is involved in the pathways necessary for normal 
methylation of DNA and the maintenance of the nucleotide pool, thus reducing 
the likelihood of uracil incorporation and maintaining DNA integrity. 

Vitamin - Vitamin Be is a cofactor in the conversion of methionine to cysteine 
and is involved in methylation pathways necessary for normal DNA formation, 
maintenance and repair. 
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Vitamin R«2 -This B vitamin is a co&ctor for metfaionine synthase and ultimately 
for the production of 5-adenosyl-methionine, the key source of methyl groups- 
Table 2 below.summarizes a preferred formulation of one colorectal cancer risk 
reduction product of the invention. It is preferred that the product be taken as six tablets 
per day in two divided doses» moming and evening with food. Dosage levels and timing 
of doses are recommended to maximize synei^ among the individual components and 
provide more constant physiological availability of the components. It is prefeired that 
natural forms of the specific vitamins, phytochemicals and other active components 
described herein be used to obtain maximal efficacy in the fomiulations of the invention, 
although synthetic versions, isomers, and mixtures of synthetic and natuial components 
and related compounds may be employed. 

The colorectal health product as detailed below is intended as a general 
fonnulation for use by individuals having an elevated risk of colorectal cancer. As with 
other formulations discussed herein, dosages will typically be customized according to 
other risk factors or profile factors such as gender, history of smoking, etc. Furthermoie, 
it will be apparent given the present disclosure that dosages can readily be adjusted 
upward or downward for subjects having abnormally high or low body weight or 
extremes of diet. 
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Table 2. Colorectal Product Composition - Recommended Dose. 



V/Umpouuci ^ana preietred 


Component Ranges 


Daily Dose 


source fonn) 


(Relative) 




Salicin (as white willow bark extract. 


20-200 mg 


120 mg 


standardized to 1 5% salicin) 






Curcumin (as 95% curcuminoid extract) 


5-50 mg 


10 mg 


Calcium, elemental (as carbonate salt) 


200-2500 mg 


800 mg 


Vitamin D (as Vitamin D3) 


100-1000 lU 


400 lU 


Folic Acid 


200-2000 meg 


800 meg 


Vitamin Be (Pyridoxine HCl) 


0.5-10 mg 


2mg 


Vitamin B12 (Cyanocobalamin) 


0.1-100 meg 


6 meg 



Abbreviations: lU, international unit; meg, micrograms 



It is prefered tiiat the daily dosages of the specified components be within about ±20% 
of the amounts specified above, and more preferably witiiin about ±10% of the amounts 
specified above. Such tolerance ranges for each of Ae separate components may be 
specified individually and need not all be the same. 

The colorectal cancer formulation exemplified above was identified by the present 
inventors using the three-tiered screening method described above. The application of 
that method in the context of the exemplified antioxidant formulation will now be 
described in more detail. 

Salicin 

Salicm is the glucoside of salicyl alcohol. The chemical structure of salicin is 
shown in FIG. 8. The preferred form of salicin is as follows: 

Form: White Willow Bark Extract standardized to 15% salicin 
Chemical Name: 2-(Hydroxymethyl)phenyl-p-D-glucopyranoside 
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Other Names: salicoside; salicyl alcohol ghicoside; saligenin-p-D- 

glucopyianoside 

Chemical Fonnula: CisHigO? 

Molecular Weight: 286^ 

Source: Usually obtained by making hot water extracts from the ground bark of 
poplar (Populus) and willow iSalix); also found in the leaves and female flowers 
of the willow. 

The histoiy of non-steroidal anti-inflammatory drugs (NSAIDs) can be traced to 
ancient Egypt, where an extract of willow bark was used to treat inflammation [278, 
279]. Throughout histoiy, extracts of the bark and roots of several species of willow 
have been used to relieve pain, fight fever and treat gout. The active component of the 
extract was subsequently identified as the glucoside of salicyl alcohol. During the 
nineteenth century, salicin was first isolated from numerous species of Salbc (eg., S. alba, 
S. helix. S. pentandra. S. paraecox) [280]. The main commercial sources tods^r are S. 
fragilis and S. purpurea which are native to Europe and/or Asia [280]. Hydrolysis of the 
caibohydrate moiety of saUcin produces saliqrl alcohol, MAich can be oxidized to 
salicylic acid, the actual anti-inflammatory agent [281]. 

Sodium saUcylate was first used for treating rheumatic fever and as an antipyretic 
in 1875; its use as a uricosuric soon followed. Based on its success, acetylsalicylic add 
(ajqpirin) was synthesized and first introduced in 1899, and soon displaced tiie more 
expensive compounds obtained firom natural sources. Subsequently, a host of new 
agents, chemically heterogeneous but sharing anti-inflammatory, antipyretic and 
analgesic activity as well as side effects, have entered tiie marketplace and are fiequentiy 
referred to as nonsteroidal anti-inflammatory drugs or NSAIDs. Salicin, therefore, 
represents a naturally occurring NSAID. 

Epidemiologic studies have consistentiy identified an association between tiie 
consumption of NSAIDs, including aspirin and a decreased risk of colorectal cancer. 
SevMi case-contix>l and tinee cohort studies reported lower risks of colorectal canca 
associated witii aspirin intake [282-291] conqnred to one cohort study and one low-dose 
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aspirin intervention study that showed no association between aspirin intake and 
colorectal cancer [292-294]. In addition, regular aspirin use has been associated with a 
decrease in the occurrence of admomatous polyps [282, 284, 290, 295, 296]. Evidence 
indicates that NS AIDs may also be effective in reducing the risk of colorectal cancer in 
5 individuals with FAP [297] and HNPCC [298]. Studies of cancer occurrence in patients 
with rheumatoid arthritis in Finland [299, 300] and Sweden [301], motivated by a 
concern that NSAIDs might increase the risk of gastric cancer, did not demonstrate this to 
be the case. In fact, the incidence of colorectal cancer was reduced among individuals 
with rheumatoid arthritis presumably due to the intake of NSAIDs [301]. 

10 Backing up the human studies is an extensive literature on the inhibition of 

colorectal cancer by NSAIDs in rodent model systems [302-3 12] 

NSAIDs are currentiy understood to function primarily through a reduction in 
prostag la n di n synthesis by inhibiting the enzyme prostaglandin endoperoxide synthase. 
This polypeptide ensgnoie contains both cyclooxygenase and peroxidase activities and 

15 occurs as two isofonns which are referred to as cyclooxygenase (COX-1 and COX-2) 
[3 1 3]. COX catalyzes the biosynthesis of prostaglandins and thromboxanes, which are 
bioactive lipids tiiat play a role in a broad range of physiological and pathophysiological 
processes. NSAIDs act by tightly bindii^ the active site of the cyclooxygenase, 
preventing combination of the enzyme with arachidonic acid [314-316] 

20 There is strong evidence that inhibition of COX (especially COX-2) contributes to 

the ability of NSAIDs to inhibit the development of colorectal cancer, however the 
mechanisms by which COX expression contributes to tumorigenesis are imclear. 
Prostaglandins and thromboxane, the products of arachidonic acid oxygenation via the 
cyclooxygenase pathway, have diverse biological effects, including stimulation of cell 

25 proliferation, suppression of the inmnme response and alteration of haemodynamic 
properties [317], Each prostaglandin and thromboxane has a specific trans-membrane, 
G-protein linked receptor coupled to an intracellular signaling pathway. Thus, there arc 
multiple mechanisms by which the products formed firom COX could enhance the growth 
of transformed colonic epithelial cells. For example, prostaglandin E2 has been 
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associated with the promotion and spread of cancerous cells, the formation of ROS and 
suppression of the immune system and NSABDs have been shown to inhibit or prevent 
these activities. In addition, tiie inhibition of COX-2 activity [318] by NSAIDs has been 
associated with changes in epithelial proliferation, apoptosis and angiogenesis [319, 320]. 
5 Salicin, as an extract of ^white willow bark, is generally absorbed more slowly 

than aspirin and some of the other NSAIDs, and typically has a longer duration of action 
in the body. It is thought to have fewer adverse effects, especially gastromtestinal upset, 
than a^irin. However, due to its COX-1 inhibitory activity, it also has the potential to 
cause gastromtestinal ulceration. It is typically taken in doses of 60 to 1 20 mg per day. 
1 0 Salicm is included in the present colorectal risk reduction formulation based on 

the significant epidemiologic and animal evidence for an association between NSAID 
intake and colorectal cancer risk reduction combined with favorable bioavailability and 
decreased gastrointestinal complications. 

Regarding pharmacology, the actions relevant to intervention via salicylates and 
IS NSAIDs in the colorectal cancer process are as follows: 

Anti-Inflammatory - 

• Reversible, competitive inhibition of cyclooxygenase-2 implicated in 
colorectal carcinogenesis 

• Induces changes in nitric oxide production 
20 Otiier Mechanisms — 

• Induction of apoptosis (colon tumor cells, including cell lines that do not e^qness 
COX or make prostaglandins) 

Upon ingestion, the carbohydrate moiety of salicin is cleaved, producing salicyl 
alcohol, which is then oxidized to salicylic acid, the actual anti-inflammatory agent, in 
25 the stomach [281]. Orally ingested salicylates are absorbed rapidly, partly from the 

stomach but mostiy fiom the upper small intestine. Significant plasma concentrations arc 
found within 30 minutes and peak plasma concentrations are reached withm about 2 
hours and gradually decline [281]. Salicylic acid absorption occurs by passive difiusion 
aat>ss gastrointestinal membranes and is therefore influenced by pH. Salicylate is 80% 



wo 00/76492 



PCT/USOO/16777 



48 

to 90% bound to plasma proteins, especially albumin and competes with a variety of 
compounds for plasma protein binding sites. 

Biotransfonnation of salicylate takes place in many tissues, but especially in the 
hepatic endoplasmic reticulum and mitochondria. The three primary metabolic products 
5 are salicyluric acid, the ether or phenolic glucuronide and the ester or acyl glucuronide. 
Salicylates are accreted in the urine as free salicylic acid (10%), salicyluric acid (75%), 
salicylic phenolic (10%) and acyl (5%) glucuronides. 

Regarding toxicology, toxicity for salicin is similar to that seen for aspirin and 
non-aspirin NSAIDs, but natural salicin is a safer form for human use. The more 
10 commonly observed side effects and toxicities of salicylates are primarily associated with 
mhibition of COX-1 and include [281]: 

• increased risk of gastrointestinal ulceration and bleeding 

• potential renal toxicity in ihe at-risk patient 

• decreased aggregation of platelets leadmg to an incieased risk for bleedmg 
15 The only contraindication to mgestion of salicin is hypersensitivity to salicylates. 

Patients should be cautioned about the use of the present colorectal cancer risk reduction 
product in conjunction with the use of other salicylates and NSAIDs. 

A daily dose of 1 20 mg salicin, taken m two divided doses, has been selected for 
the colorectal cancer risk reduction product. This dose was chosen based on the clinical 

20 data for aspirin that supports that colorectal cancer chemoprevention at a minimum dose 
of one-half aspirin tablet per day, and equating the salicin dose on an equimolar basis. 

The use of low dose, long term administration of salicin as a colorectal cancer 
chemopreventive is supported by strong epidemiological studies as well as animal and in 
vitro mechanistic cell data for aspirin and other NSAIDs [321]. Salicm, as a dietary 

25 supplement, is currentiy marketed as a natural product for arthritis and pain management 
Hence, the inclusion of salicin in the colorectal cancer risk reduction product is unique 
and provides intervention in the colorectal cancer process possibly via both COX-2 
dependent and independent pathways. 
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Curcumin 

The chemical stnKmire of cuicumin b The pfefeircd fonn of 

curcumin is discussed above, as are other features of this mitrient ingredient Additional 
aspects of this ingredient are described below. 
5 The initial rationale for investigating curcumin as a chemopreventive agent for 

colorectal cancer arose from the observation that India has one of the lowest incidences 
of colorectal cancer in the world [272] and one of the highest intakes of dietary curcumin. 
Dietary intake of curcumm among Indians has been estimated at 10-100 mg/day [26, 
322], The reduced risk of colorectal cancer observed among Indians may also be 

1 0 associated with multiple dietary factors including a high intake of plant based foods 
coupled with a low intake of animal based foods. 

Animal studies have demonstrated that curcumin consumption is associated with 
the mhibition of tumorigenesis at several organ sites [26, 1 13, 1 14]. Using colon 
carcinogenesis as an example, curcumm has demonstrated chemopreventive activity in all 

15 three stages ofcardnogenesis [115]. Curcumin has been shown to inhibit chemically 
induced carcinogenesis in the skm, forcstomach and colon when it was administered 
durmg initiation and/or post-initiation stages [26, 1 16-1 19]. Curcumin suppressed the 
incidence and multiplicity of noninvasive adenocarcinomas, as well as the multiplicity of 
invasive adenocarcinomas of the colon, \^en administered during the 

20 promotion/iHOgression phase [1 15]. Thus, admmistralion of curcumin prior to, during 
and after carcinogen treatment as well as during the promotion/progression phases of 
colon carcinogenesis resulted in significant risk reduction [1 1 5]. 

As noted previously, curcumin has been shown to exhibit a wide range of 
biological activities including both anti-inflammatory [108, 109] and antioxidant 

25 properties [111]. Curcumin is the major antioxidant substance in turmeric. Curcumin 
protects ceUs against H2Q2-induced oxidative stress [121]. Curcumin has been shown to 
scavenge reactive oxygen species such as the hydroxyl radical [122-126], superoxide 
[126] and singlet oxygen [128]. Curcumm also interferes with lipid peroxidation [122, 
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129-137] and nitrite/nitrogen oxide production [138, 139]. Curcumin is also an inhibitor 
of neutrophil response and of superoxide generation in macrophages [140]. 

In addition to antioxidant properties, curcumin exhibits a diverse array of 
metabolic, cellular and molecular activities including inhibition of arachidonic acid 
formation and its further metabolism to eicosanoids [1 18, 141-143]. Evidence also 
suggests that curcumin acts on pathways that may inhibit cell proliferation [144] and 
enhance apoptosis [145], Curcumin inhibits several mediators and enzymes involved in 
cell mitogenic signal transduction pathways [146] and activator protein-l and nuclear 
factor kB activation [148-149]. Curcumin has also been associated with the modulation 
of COX-2 en2yme levels and specific activity in a variety of cell types [117, 118, 323]. 

Curcumin is included in the present colorectal risk reduction formulation based on 
lack of toxicity, efBcacy in mhibiting tumorigenesis in several animal models, its 
multiple mechanisms of action and its occurrence in the diets of individuals with low 
incidence of colorectal cancer. 

Regarding pharmacology, curcumin has demonstrated a wide range of 
pharmacological properties throughout different stages of tumor developmmt in a broad 
range of biological systems. In vitro studies have identified the following metabolic, 
cellular and molecular activities associated with the anticarcinogenic activity of 
curcumin: 

• Modulation of Phase I and Phase II enzymes 

• Antioxidant activity 

• Inhibition of arachidonic acid metabolism 

• Modulation of cellular signal transduction pathways 

• Inhibition of hormone and growth factor activity 

• Inhibition of oncogene activity 

Curcumin exhibits a diverse array of metabolic, cellular and molecular activities, 
including inhibition of arachidonic acid formation and its further metabolism to 
eicosanoids [118, 141]. Evidence also suggests that curcumm acts on patiiways that may 
inhibit cell proliferation [144] and enhance ^ptosis [145]. Curcumin inhibits several 
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mediators and enzjrmes involved in cell mitogenic signal transduction pathways [146] 
and activator protein-1 and nuclear factor kB activation [148, 149, 147]. 

Early preclinical pharmacokinetics studies suggested that curcumin was poorly 
absorbed from the gastrointestinal tract. Subsequent studies with radiolabeled pigment 
5 showed that 60% of an oral dose was absorbed and appeared to be transported by the bile, 
metabolized and conjugated, and re-excreted into the gut The primary route of excretion 
is via the feces. 

Regarding toxicology, curcumin is presumed to be safe due to a long history of 
human use in Asia up to an estimated 95 mg/day as the food additive turmeric (3.8 
10 g/day). Human studies investigating curcumin in ifaeimiatoid arthritis or AIDS patients 
have reported that doses up to approxhnately 2000 mg four times a day for 1 8 weeks 
were tolerated without adverse effects [324, 325]. See also the discussion above 
regarding curcumin in connection with the oxidative balance formulations of the 
invention. 

15 Based on the screening method of the present invention, curcumin is included in 

the present colorectal cancer li^ reduction formulation based on its wide array of 
potmtial chemopreventive activities (anti-inflammatory, antioxidant, promotion of cell 
differentiation and q;>optosis, etc.). Its anti-inflammatory activity is attributed to COX 
inhibition and, as such, is expected to be synergistic with salicin in the formulation. 

20 Hence, this allows daily adnurustrationoflower doses ofeach component, thereby 
reducing the potential for adverse effects, particularly gastrointestinal. The 10 mg per 
day dose selected for the {nresent colorectal cancer risk reduction product is less than 
doses fliat are under consideration in initial clinical chemopreventive trials by the NCI 
(25 mg and upwards), but are deemed to be appropriate for chronic administration. 

25 Calcium 

The preferred for calcium for use in the present colorectal cancer product is as 
follows: 

Form: Calcium carbonate 
Molecular Weight: 40.08 
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Elemental calcium is available as a number of different salts for administration as a 
dietaiy supplement, as weU as natural sources, such as oyster shell formulations. The 
calcium carbonate fix>m is preferred for use in the present colorectal cancer risk reduction 
product for a number of reasons. First, evidence suggests that the salt form does not have 
S a significant impact on the absorption characteristics of calcium, but apparently certain 
physical attributes of manufacturing that affect tablet disintegration and dosage form 
dissolution do have an effect Scientific evidence indicates that it is desirable for some of 
the orally administered calcium to not be absorbed, but rather to be available locally in 
the large bowel to form insoluble complexes of calciimi soaps with bile acids as a 
1 0 chemopreventive strategy for colorectal cancer [351,361]. Such physical specifications 
will ensure maximum balance between bioavailabiUty and topical delivery of calcium to 
the large bowel. 

Second, the carbonate salt form of calcium provides the greatest concentradon of 
elemental calcium in the least weight and bulk. This is important with regard to the 

1 5 munber of dosage units and their practical size required for incorporating the selected 
daily dose of elemental calcium. Third, calcium carbonate, in addition to serving as the 
elemental calcium source, also fimctions as an antacid. The antacid feature is desirable in 
that it provides some protection against stomach irritation that could be associated with 
salicin in the formulation. 

20 Epidemiological studies surest that calcium may be an important 

chemoprotective in colorectal cancer. Cohort and case-control studies investigating 
calcium intake and colorectal canc^ have provided evidence of either an inverse or null 
association [326]. Eight cohort studies examined calcium intake and colorectal cancer 
incidence [327-334]. Although only one of sixteen estimates of relative risk was 

25 statistically significantly less than 1 .0, there was clear trend towards an inverse 

relationship between calcium intake and colorectal cancer risk. Fifteen case-control 
studies have also examined the relationship between calciimi intake and colorectal cancer 
[330, 335-348]. Of the twenty-five odds ratios presented in these studies, six showed 
statistically significant reductions in risk, one showed a statistically significant increase 
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and eighteen were null. A meta-analysis of twenty-four studies estimated a sunmiaiy 
relative risk of 0.89 (0.79 - 1.01) for an inverse relationship between calcium intake and 
ihe risk of colorectal cancer [349]. In addition, a recent clinical study demonstrated that 
calcium supplementation was associated with a moderate but statistically significant 
S reduction in the recurrence of colorectal adenomas [350]. 

It has been hypothesized that calcium may reduce colorectal cancer risk by 
normalizing crypt cell proliferation and kinetics. Abnormal cellular proliferation and 
differentiation of cells in the colonic epithelium has been associated with an increased 
susceptibility of colorectal cancer and has been observed in individuals with pervious 

10 familial and non£imilial colon cancers, famiUal polyposis^ sporadic adenomas and 
ulcerative colitis. Several studies have investigated whether calcium supplementation 
can attenuate hyperproliferation in individuals at increased risk for colorectal cancer. 
These studies have shown that calcium supplementation is associated with significant 
decreases in cellular proliferation and/or normalization of the distribution of proliferatiiig 

15 cells within the colonic epithelium [351-354]. In addition, increases in dietary calcium, 
via increased consumption of low-fiit dairy foods, were also associated with reductions m 
colonic cellular proliferation and normalization of additional biomarkers for cellular 
differentiation [355]. 

Similarly, animal and in vitro mechanistic studies have added to the body of 

20 evidence diat increased calcium intake has a role in reducing the incidence of colorectal 
cancer. Animal studies, specifically, have demonstrated a beneficial effect of calcium on 
colonic epithelial cell proliferation [356-362]. 

Initially, calcium was thought to lower colorectal cancer through the formation of 
insoluble calcium soaps with free bile acids and unabsorbed fatty acids that arc irritating 

25 and mitogenic to the colorectal epithelium [326, 358]. Subsequently, calcium salts have 
also been shown to modify biochemistry of differentiation- and proliferation-related 
activity in colon cancer cells [354]. 

Because of the physiological co-dep^dence between calcium and vitamin D in 
maintaining calcium homeostasis, some of the chemoprotective actions of calcium may 
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also be attributable to vitamin D. HowevCT, further research regarding potential 
chemopreventive mechanisms now suggests that each of these supplements may have 
independent chemopreventive activities related to modulation of cellular proliferation and 
differentiation. 

5 Calcium is included in the present colorectal risk reduction formxilation based on 

human data demonstrating a consistent trend for colorectal cancer risk reduction 
associated with dietary and supplemental calcium intake and on human, animal and in 
vitro studies demonstrating an association between calcium and normalization of colonic 
epithelial cell proliferation. 

1 0 Regarding pharmacology, Cs?^ is the major extracellular divalent cation. Men 

and women have a total body load of approximately 1300 g and 1000 g of Ca^^ 
respectively, of which more than 99% is in bone. Ca^* in intracellular fluids is present in 
its ionized state at about 0. 1 fxM under basal conditions. In response to hormonal, 
electrical or mechanical stimuli, temporary increase in Ca^* flux raises the concentration 

15 toward 1 jiM, pemiitting interactions with specific Ca^-binding proteins that activate 
numerous processes. Additionally, Ca^ serves as a second messenger for the actions of 
many hormones. 

In human plasma, calcium circulates at a concentration of about 8.5 to 10.4 mg/dl, 
of viiich approximately 45% is bound to plasma proteins (primarily albumin) and about 

20 10% is complexed to anionic buffers [363]. The remaining Ca^^ fraction exerts the 
mineral's physiological effects. Regulation of extracellular calcium is under tight 
endocrine control that affects its entry via the intestine and its exit via the kidney that, in 
turn, regulates the large skeletal reserve. 

In the U.S., about 75% of dietary calcium is obtained from milk and dairy 

25 products. Ca^^ enters the body only through the intestine. Active vitamin D-dependent 
transport occurs in the proximal duodenum and facilitated dilfijsion takes place 
throughout the small intestine. There is a daily obligatory loss of calcium of about 150 
mg/day associated with mucosal and biliary secretions and sloughed intestinal cells. 
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Calcium absorption is inversely related to calcium intake - a diet low in calcium 
leads to a compensatoiy increase in absorption related, in part, to activation of vitamin D 
[363]. This resfponse,ho\vever, decreases with age. Urinaiy excretion of Ca^"*" is the net 
result of the quantity filtered and amount reabsorbed (approximately 98%), the latter of 
which is tightly regulated by parathyroid hormone. 

Regarding toxicilogy, absorption of large quantities of Ca^"^ salt does not 
generally, by itself, cause hypercalcemia except m cases of hypothyroidism, in which 
Ca^^ is absorbed with increased efficiency, and milk-alkali syndrome, in which 
coDcunent ingestion of milk and alkalinizing powders resiilts in impaired renal Ca^"*^ 
excretion. Oflier causes of hypercalcemia are associated with various disease states, 
including primary hyperparathyroidism, familial benign hypercalcemia, systmiic 
malignancy, and vitamin D excess. 

The usual daily dose of elemental calcium used in cancer chemoprevention 
clinical trials has ranged firom i;250 to 2,000 mg per day. The inventors have identified a 
preferred daily supplement dose of elemental calcium of 800 mg per day, taking into 
consideration the scientific evidence and practical aspects of the consumer including 
dietary intake and product acceptability: 

• Supplement doses exceeding 800 mg per day are generally not well tolerated 
by individuals due to side effects associated with the gastrointestinal tract 
(distress, bloating, etc.). 

• Vitamin D is included in the present colorectal cancer risk reduction product 
for two primary reasons - its inherent chemoprevention activities and its role 
in enhancing calcium absorption and utilization. Due to the synergy in 
calcium effectiveness gained by its co-administration with vitamin D 
combined with the scientific literature, it is preferred in the practice of the 
invention to use 800 mg per day as an appropriate daily dose to reduce 
colorectal cancer risk. 

• Given natural dietary consumption, 800 mg is recommended for long term 
administration to achieve a daily target dose of 1250 mg. 
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Vitamin /)? 

The cheimcal structure of vitamin D3 The preferred fonn of 

vitamin D3 is as follows: 

Fonn: Ergocalciferol 

5 CAS Name (9CI): (3p,5Z,7E)-9,10-Secocholesta-5,7,10(19)-triene-3^1 

Molecular Weight: 384.62 
Vitamin D is the name applied to two related fat-soluble substances, cholecalciferol 
(vitamin D2) and ergocalciferol (vitamin D3). In humans, there is no practical difference 
between the two forms [363]. The present colorectal product preferably utilizes vitamin 
10 D3, but vitamin D2 or mixtures of the two forms may be used in the alternative. 

The original idea that vitamin D may protect against colorectal cancer is based on 
observations fiom ecologic studies that support an inverse association between the level 
of solar radiation and colorectal cancer mortality and incidmce [364-366]. These studies 
demonstrated that colorectal cancer incidence and morality were highest in the areas of 
15 the US and elsev^liere in the world diat received the least amount of sunlight Since most 
of the vitamin D in humans (up to 80%) is derived throi^ sunlight-induced 
photobiosyntiiesis in the skin, it was hypothesized that vitamm D levels may modulate 
colorectal cancer risk. 

In general, human studies have observed an inverse association between vitamin 
20 D intake and colorectal cancer incidence but most associations are not statistically 
significant Of the six cohort studies investigating the association between vitamin D 
intake and colorectal cancer, one study demonstrated a statistically significant inverse 
association for colorectal cancer [333] while four additional studies demonstrated inverse 
associations that were not statistically significant [331, 367-369]. One study found no 
25 association between vitmain D intake and colorectal cancer [328]. 

Vitamin D was consistently associated with colorectal cancer risk reduction in a 
series of case-control studies. Seven out of ten studies found an inverse association for 
either vitamin D intake [370-373] or serum levels of vitamin D metabolites [374-376] 
and the incidence of adenomas or colorectal cancer. High levels of vitamin D intake 



wo 00/76492 



PCTAJSOO/16777 



57 

fiom diet and/or supplements and increased serum levels of vitamin D metabolites were 
associated with lower incidence of colorectal cancer [370, 372-376] and adenomas [371]. 
These inverse associations were statistically significant among five of the seven studies 
evaluated [371, 372, 374-376]. The three remaining studies found that vitamin D mtake 
5 was not associated with colorectal cancer incidence [345-377] or development of 
adenomas [378]. 

Human, animal and in vitro experimental results indicate that vitamin D and its 
metabolites may protect against colorectal cancer by reducing epithelial cell proliferation 
[379-382] and inducing differentiation [383, 384]. Vitamin D, as 1,25-dihydroxyvitamin 

10 D3, regulates epithelial cell growth and differentiation and may be an important 

determinant of progression towards terminal differentiation [385]. These associations 
may be due to a direct effect of vitamin D through vitamin D receptors or an indirect 
effect by increasing calcium absorption. Experimental studies have demonstrated that 
vitamin D receptors are expressed in cultured human colon cancer cell lines and 

15 colorectal cancer tissue [386, 387]. 

Researdh in rodents has shown a chemopreventive role for vitamin D related to 
reduced proliferation of colonic epithelial cells [356, 388]. In vitro studies with human 
colon cell lines have also demonstrated vitamin D's effectiveness in reducing cell 
proliferation and DNA synthesis [389-392], modulation of signal transduction by calcium 

20 and protein kinase C, modulation of c-nryc, c-foSy and c-Jtm oncogene expression [393- 
397], lipid peroxidation [398] and angiogenesis [399] and induction of differentiation 
[382, 400-402], TGF-p expression [403] and, possibly, apoptosis [404]. 

Vitamin D is included in the present colorectal risk reduction formulation based 
on human evidence for a modest effect on colorectal risk reduction and on mechanistic 

25 studies demonstrating an inhibition of cellular proliferation and an induction of cellular 
differentiation. The roles of calciimi and vitamin D are closely linked because calcium 
bioavailability is tightly coupled to adequate vitamin D levels. Synergistic activity 
between vitamin D and calcium (discussed above) has been shown with vitamin D as a 
facilitator for the e3q)ression of a chemopreventive function of calciimi. Additionally, 
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evidence suggests that calcium and vitamin D exert chemopreventive roles in colorectal 
carcinogenesis through different pathways. 

A key differentiating point m the present colorectal cancer risk reduction product 
is providing a balanced intake of calcium and vitamin D, thereby achieving maximum 
5 colorectal cancer chemoprevention. Large excesses of either supplement can be 
counterproductive to colorectal cancer risk reduction. 

Regarding pharmacology, vitamin D requires activation to become biologically 
active. The primary active metabolite is calcitriol (1,25-dihydroxyvitamin D), the 
product of two successive hydroxylations of vitamin D. The initial hydroxylation (25- 
10 hydroxylation, 25-OHD) is achieved by an hepatic en2yme system associated with the 
microsomal and mitochondrial fractions and requires NADPH and molecular oxygen. 
After production in the liver, 25-OHD enters the circulation where it is carried by vitamin 
D-binding globulin. Final activation to calcitriol occurs primarily in the kidney by a 
mixed function oxidase en^me system associated with mitochondria in the proximal 
1 5 tubules that requires NADPH and oxygen as cofactors. This latter conversion is subject 
to tight control of systems associated with maintaining optimal calcium homeostasis. 

Vitamin D, once thought to have a passive role in calcium metabolism, is now 
recognized as a hormone that, together with parathyroid hormone, is a major positive 
regulator of the concentration of Ca^* in plasma. Important in the cancer process, vitamin 
20 D binds to specific receptors in target tissues, resulting in an increased concentration of 
plamm Ca^"*^. Additionally, the vitamin D recqptors mediate a variety of actions that arc 
unrelated to Ca^ homeostasis. 

Receptors for calcitriol are widely distributed throughout the body. Among the 
effects of vitamin D beyond calcium homeostasis maintenance are: 
25 • Influence on maturation and differentiation of mononuclear cells and cytokine 

production 

• Other effects on the immune system 

• Inhibition of proliferation and induction of differentiation of malignant cells 
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• Inhibition of epidennal proliferation and promotion of epidermal 
diflferentialion 

More specifically, among vitamin D's activities that are thought to be relevant to 
intervention in the colorectal cancer process include the inhibition of: cell proliferation; 
5 DNA syndiesis; ornithine decarboxylase induction; lipid peroxidation; and angiogenesis 
[389-392, 398, 399]. In addition, vitamin D plays a role in inducing the differentiation of 
certain cancer cells (human leukemia, human prostate, skin, breast and colon cancers), 
TGF-P expression and possibly apoptosis; and modulates signal transduction by calcium 
and protein kinase C and c-myc, c-fos and c-jvn oncogene expression. 

1 0 Intestinal absorption of vitamin D is generally adequate under most conditions. 

Both vitamins D2 and D3 are absorbed from the small intestine, although evidence 
suggests that vitamin P3 absoiption is more efBcient Following absoiption, vitamin D 
sQ>pears first within chylomicrons in lymfA. 

Bile, particularly deoxycholic acid, is essential for adequate absoiption of vitamin 

15 D. AbsoibedvitaDGLinDcircuhOes in the blood m association with vitam^ 

protein, a specific a-globulin. The half-life fiom disaj^arance from the plasma is 19 to 
25 hours fiom M^iich it is then stored in fat depots for prolonged periods. 

Regarding toxicology, the amount of vitamin D necessary to cause 
hypervitaminosis varies widely among individuals. In general, continuous ingestion of 

20 50,000 units or more daily by an individual with normal parathyroid function and vitamin 
D sensitivity will begin to exhibit signs of hypervitaminosis including: hypercalcemia, 
weight loss and tissue calcification and some evidence for embryo toxicity and 
teratogenicity [363]. 

The RDA for vitamin D is 400 lU, and is the preferred daily dosage selected for 

25 inclusion in the present colorectal cancer risk reduction product 

Calcitriors utility as a dietary supplement chemopreventive for colorectal cancer 
is limited by its hypercalcemic effects. The possibility of dissociating its actions on cell 
differentiation from its hypercalcemic efiects has stimulated the search for analogs that 
might be usefiil in cancer chemoprevention and treatment, the results of Mdiich appear to 
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be encouraging. UntU such time as vitamin D analogs can make it through th^ 
drug regulatory model for use as potential chemopreventives (a l(>-plus year process), 
supplementation with 400 lU of vitamin D as in the present colorectal cancer risk 
reduction product is safe, rational and scientifically supported by the literature. Beyond 
its own inherent chemopreventive activities listed above, vitamin D's inclusion in the 
colorectal risk reduction product provides synergy with calcium, thereby enhancing the 
absorption of this mineral and its own inherent chemopreventive role in this disease. 
Supplementation of dietary and natural sources of vitamin D is further supported as 
synthesis of vitamin D secondary to exposure to ultraviolet radiation has decreased with 
the increased use of sunscreens and greater avoidance of sun exposure. Additionally, 
there is evidence that the absorption and effectiveness of vitamin D diminishes as people 
age. 

Folic Acid 

The chemical structure of folic acid is shown in Fig. 10 The preferred form of 
folic acid is as follows: 

Form: pt^ylglutamic acid, the common pharmaceutical form of folic acid 

CAS Name (9CI): N-[**4-[**[**(2-Amino-l,4-dihydro-4-oxo-6- 

pteridinyl)methyl]amino]benzoyl]-L-glutamic Acid 

Molecular Weight: 441.40 
Pteroylglutamic acid is the common pharmaceutical form of folic acid, a water-soluble B 
complex vitamin, vMoh can be absorbed unchanged in the small intestine. The principal 
folate congeners in food are generally polyglutamates fiom which all but one glutamate 
residue must be removed by intestinal conjugases prior to absorption. The major portions 
of die folate molecule include a pteridine ring linked by a methylene bridge to 
paraaminobenzoic acid, which is joined by an amide linkage to glutamic acid [430]. 

Folic acid is one of the nutrients found in vegetables that has been hypothesized to 
contribute to the reduced risk of colorectal cancer associated with high vegetable intake 
[433, 266]. Folate is an essential dietary component involved in maintaining the 
availability of methyl groups important for the normal synthesis and metabolism of 



wo 00/76492 



PCT/USOO/16777 



61 

amino acids, nucleotides and lipids. It is also a cofactor in the production of 5- 
adenosylmethionine (SAM), the primary mettiyl donor in the body. Folate deficiencies 
may impact cancer risk by ahering DNA methylation or by affecting the available 
nucleotide pool important for DNA replication and repair [405, 406]. 
5 The specific role of folates in DNA r^lication results in preservation of the 

methylation pattem of newly synthesized DNA strands. DNA methylation is important 
for modulating gene expression and failure to maintain the methylation pattem in nascent 
DNA may either facilitate the aberrant expression of oncogenes [407-409] or mhibit the 
expression of tumor suppressor genes, thereby contributing to cancer progression. 

10 Alterations in DNA methylation patterns are common in colorectal cancer and are 

clearly related to genetic instability [410-412]. Scientific evidence now links DNA 
hypomethylation as an early event in colon cancer [413, 414] and has been shown to 
increase during the histopathologic progression of the disease [415, 416]. One study has 
demonstrated that rectal mucosa tissue firom patients with colon cancer is globally 

1 5 hypomethy lated conq>ared with tissue finom controls, and that folic acid supplementation 
significantly reduces hypomethylation [413]. Since hypomethylation may be initiated by 
inadequate cellular levels of SAM [417], and production of SAM is dependent on both 
methionine and folate, dietary patterns that provide inadequate levels of these factors may 
contribute to imbalances in DNA methylation and hence an mcreased risk of colorectal 

20 cancer. 

Folate is also important for maintoiance of deoxynucleotide pools involved in 
DNA synthesis. Because folate is required for the conversion of deoxyuridylate to 
thymidylate, depletion of folate has been associated with increased accumulation of 
deoxyuridylate in DNA. Removal of this abnormal base may be associated with 
25 chromosome breaks commonly observed in colorectal cancer. 

Several lines of epidemiologic evidence suggest that folate and methyl group 
metabolism are associated with the risk of colorectal cancer. To date, the inventors have 
identified 22 human studies investigating associations between folate and the risk of 
colorectal cancer [266-270, 276, 277, 346, 370, 377, 418-429]. Among ten of these 
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Studies, colorectal cancer risk was associated with dietary and siq)plemental folate intake 
(e.g., increased risk was associated with low levels of folate intake and colorectal cancer 
risk was reduced among individuals with high levels of folate mtake) [266-268, 346, 370, 
377, 418, 421, 425, 426]. Additional studies have examined the association between 
S specific dietary patterns and colorectal cancer risk. Alcohol modulates folate availability 
by decreasmg its absorption, altering its metabolism and increasing its excretion. Thus, 
diets low in folate, particularly m combination with substantial alcohol intake are 
associated with increased risks of colorectal cancer [267, 276, 277, 424, 427, 429]. 
Preliminary evidence suggests that folate from multivitamin supplements may be more 

10 strongly associated with risk reduction [418]. The stronger association observed in these 
studies may be related to the enhanced bioavailability of folate from dietary supplements 
vs. food sources. In addition, the risk reduction associated with folate intake is also 
supported by studies that demonstrate an association between high serum/plasma levels 
of folate and reduced colorectal cancer incidence [276, 422, 423, 427]. 

15 Patients with chronic ulcerative colitis are at an increased risk for developing 

colorectal cancer compared with the general public. These patients commonly have 
decreased folate levels due to impaired folate absorption caused by medications used for 
disease management In these patients, folate supplementation was associated with a 
62% lower incidence of colon cancer compared to individuals not receiving 

20 siq)plmientation [420]. 

Although several studies have demonstrated an association between colorectal 
cancer risk and folate status^ four studies did not identify an association between folate 
intake or folate status and colorectal cancer risk [269, 276, 420] or recurrmce of large 
bowel adenomas [419]. Variable associations between folate status and cancer risk may 

25 be the result of an individual's ability to regulate methyl group metabolism. Recently, 
several genetic polymorphisms in gene products important for methyl group metabolism 
have been investigated for their contribution to colorectal cancer risk. These studies have 
demonstrated that polymorphisms that contribute to changes in methyl groiq) availabiUty 
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when combined with low folate intake and/or high alcohol intake aie associated with 
significant increases m colorectal cancer risk [270, 276, 277, 429]. 

Based on the three-tiered screening method of the present invention as applied to 
empirical evidence, together with a suspected biological role for methyl donors in the 
5 cancer development process, folate is included in the present colorectal risk reduction 
fonnulatioiL 

Regarding pharmacology, folic acid, in conjunction with vitamm B12, is an 
essential dietary element A deficiency in either vitamin results in defective DNA 
syntiiesis in any cell in which chromosomal replication and division are takmg place. 

10 Hence, tissues with the greatest rate of cell turnover (e.g., hematopoetic system 

epithelium including colon, rectum, etc.) are subject to the most dramatic impact from a 
deficiency. Vitamin Bs is also a necessary cofactor in the folate metabolic pathway 
[43 1]. Folic acid is important for the conversion of homocysteine to methionine and the 
synthesis of purine nucleotides. More specifically, as a chemopreventive, folic acid is 

IS responsible for: 

• Maintenance of the methylation pattern of nascent DNA 

• Reversal/prevention of DNA hypomethylation 

• Pyrimidine and purine synthesis 

More recent research has shown that neither vitamin B12 nor folic acid as purified fit>m 
20 foodstuff is the active coenzyme for human beings [430]. During extraction procedures, 
die active, labile forms are converted to stable congeners of vitamin B12 and folic acid - 
cyanocobalamin and pteroylglutamic acid, respectively. These congeners must then be 
modified in vivo to be effective. The fiinction of these vitamms as cofectors is an 
ongoing area of investigation. 
25 FoUowing absorption, pteroylglutamic acid is rapidly reduced at the 5, 6, 7 and 8 

positions to tetrahydrofolic acid, which then acts as an acceptor of a number of one- 
carbon units which are attached at eitiier the 5 or 10 position of the pteridine ring or may 
bridge these atoms to form a new five«membered ring [430]. The most important forms 
of folate include methyltetrahydrofolate, folinic acid, 10-formyltetrahydrofolate, 5,10- 
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methenyltetrahydrofolate^ S,10-me1faylenetetrahydiofolate, fonniminotetrahydrofolate 
and hydio^Qoneaiyltetrahydrofolate, each of \^ch plays a specific role in intracellular 
metabolism. 

Folates present in food are primarily reduced polyglutamates. Most folate 
5 absorption occurs in the proximal portion ofthe small intestine. Absorption requires 
transport and pteroyl-y-glutamyl carboxypeptidase associated with mucosal cell 
membranes. The mucosa in the duodenum and upper jejunum are rich in dihydrofolate 
reductase and are capable of methylating the reduced folate that is absorbed. Once 
absorbed, folate is rapidly transported to tissues as methyltetrahydrofolate. Certain 

10 plasma proteins will bind folate derivatives, but generally have a greater affinity for the 
non-methylated analogs [430]. The role of such binding proteins in folate homeostasis 
remains unclear, although increased binding capacity is noted in folate deficiency. 

A constant supply of methyltetrahydrofolate is maint ain^ by food and by 
enterohepatic cycling of the vitamin. The liver actively reduces and methylates 

1 S pteroy Iglutamic acid and then transports methyltetrahydrofolate into bile for reabsorption 
by the gut and subsequent delivery to tissues. Up to 200 ^g or more of folic acid may be 
provided for recirculation to tissues. Following iq}take of methyltetrahydrofolate into 
cells, it acts as a methyl donor for the formation of methylcobalamin and as a source of 
tetrahydrofolic acid and other folate congeners. 

20 Regarding toxicology, folic acid is generally considered to be non-toxic in 

humans. Noadversehumaneffects wereseen with 10mg/dfor4montiisor ISmgM 
(duration not stated). A few cases of allergic reactions to folate have been noted. Folic 
acid has the potential to mask vitamin Bn deficiency that, if left untreated, can have 
significant untoward consequences. In very high doses (>20 mg/d), folic acid may cause 

25 convulsions in persons whose epilepsy is in continuous control by phenytoin, 

phenobarbital or primidone [432]. Additionally, high doses of folic acid for long periods 
may interfere with zinc absorption. 

Food sources rich in folates include fi:esh green vegetables, liver, yeast and some 
firuits. Up to 90% offolate can be destroyed by lengthy cooking. The standaixi U.S. diet 
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typically provides 50 to 500 \xg of absorbable folate per day; with high fresh vegetable 
and meat intake, this can ^loach 2 mg per day. The minimal daily adult requirement is 
50 ^g, whereas pregnant or lactating women or individuals with high cell rate turnover 
require 100 to 200 ^g per day. 
5 Clinical trials of folic acid as a cancer chemopreventive have been conducted at 

daily doses ranging from less that 1 mg 15) to 1 0 mg. There is some evidence that folic 
acid, in excess of the daily maintenance requirement, may frmction physiologically in 
other pathways or processes that enhance its role as a chemopreventive. The present 
formulation preferably provides a daily dose of 800 jig (400 ng administered twice daily) 
10 as the rational supplemental dose for long term cancer risk reduction, based on current 
scientific evidence. 

VitammBK 

The chemical structures of vitamin 85, which includes three forms, are shown in 
FIG. 12. The preferred form of vitamin 85 is as follows: 
15 Form: Pyridoxine HCl 

Chemical Name: Vitamin 85 (as pyridoxine HCl) 
Molecular Weight: 205.64 (as HCl salt) 
The three forms of vitamin 85 (pyridoxine, pyridoxal and pyridoxamine) differ in tiie 
nature of the substituent on the carbon atom in position 4 of the pyridine nucleus: a 
20 primary alcohol group (pyridoxine), the corresponding aldehyde (pyridoxal), an 

aminoethyl group (pyridoxamine). Each of the compounds can be utilized readily by 
mammals following conversion to pyridoxal 5' phosphate, the active form of the vitamin, 
in the liver [43 1]. Pyridoxine is the preferred form of vitamin Be for use in the present 
invention, but the other forms of the vitamin may be used additionally or in the 
25 alternative. 

Vitamin 85 is an important co&ctor in a variety of metabolic transformations of 
amino acids, including decarboxylation, transamination and racemiTation, as well as in 
enqonatic steps in the metabolism of sulfur-containing and hydroxy-amino acids. 
Vitamin B$ is one of several dietary components important for optimization of ceUular 
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folate metabolism involved in colorectal cancer risk reduction. Vitamin Be is a co&ctor 
in the conversion of methionine to cysteine and is involved in methylation pathways 
necessary for normal DNA formation, maintenance and repair. 

Human epidemiologic studies have suggested that vitamin Be intake may be 
5 related to colorectal cancer risk. These studies have found that increased intake of 
vitamin Bs is associated with decreased risk for colorectal cancer [269, 347] and 
colorectal polyps [341], In a study investigating the association between colon cancer 
risk and specific MTHFR polymorphisms (an enzyme important in folate metabolism) 
found that high intakes of vitamin were associated with decreased risk of colon cancer 
10 [429]. 

The inclusion of vitamin Bs in the present colorectal cancer risk reduction product 
is to optimize availability of this important dietary factor to support its role in metabolic 
folate pathways involved in DNA methylation, synthesis, maintenance and repair. 
Support for the role of folate in colorectal cancer risk reduction is discussed above. 

1 S Regarding pharmacology, as a coenz^e, pyridoxal phosphate is involved in 

several metabolic transformations of amino acids, including decarboxylation, 
transamination and racemization, as well as in enzymatic steps in the metabolism of 
sulfiir-containing and hydroxy-amino acids. Particularly relevant to its ^ergistic role in 
the colorectal cancer product is its activity as a cofactor in the conversion of methionine 

20 to cysteine [430]. 

Vitamin B6 is supplied by meat, liver, ^diole-grain breads and cereals, soybeans 
and vegetables. Howevo-, substantial losses occur during cooking as well as ultraviolet 
light exposure and oxidation. 

The three different forms of vitaniin B6 are readily absorbed from the 

25 gastrointestinal tract following hydrolysis of their phosphorylated derivatives. Pyridoxal 
phosphate accoimts for at least 60% of circulating vitamin Bs> Pyridoxal is thought to be 
the primary form that crosses cell membranes. 4-pyridoxic acid is the principal form 
excreted in humans, formed by the action of hepatic aldehyde oxidase on free pyridoxal. 
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Vitamin Bs has low acute toxicity and elicits no outstanding phannacodynamic 
actions after oral administration. Neurotoxicity may develop after prolonged ingestion of 
200 mg of vitamin B6 per day, and symptoms of dependency have been noted in adults 
given 200 mg daily. 

5 The requiremrat for vitamin Be increases witfi die amount of protein in the diet 

The average adult minimal requirement for vitamin Be is 1 .5 mg per day in individuals 
ingesting 1 00 g of protein on a daily basis. To allow for a reasonable margin of safety 
and for protein intake in excess of 100 g, the RDA of vitamin B6 for men is 2.0 mg and 
for women is 1 .6 mg. Due to its wide margin of safety, the inventors have identified a 
1 0 preferred daily dose of 2.0 mg for inclusion in the colorectal cancer risk reduction 
product to ensure sufiGcient availability of vitamin B^. 
Vitamin Bn 

The chemical structure of vitamin Bn is shown in FIG. 13. The prefeixed form of 
vitamin Bxi is as follows: 
IS Form: Cyanocobalamin 

Chemical Name: Vitamin B12 

Molecular Weight: 1355.38 
There are three major portions to the molecule: 

• A planar group or corrin nucleus - a porphyrin-like ring structure with four 

20 reduced pyrrole rings linked to the center cobalt atom and extensively substituted 

with methyl, acetamide and proprionamide residues. 

• A 5,6*dimeth]rulbenzimidazolyl nucleotide, which links at nearly right angles to 
the corrin nucleus with bonds to the cobalt atom and to the propionate side chain 
of the fourth pyrrole ring. 

25 • A variable R group - the most important of which are found in the stable 

compounds, cyanocobalamin and hydroxocobalamin, and the active coenzymes, 
methylcobalamin and 5-deoxyadenosylcobalamin [430]. 
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The terms, vitamin B12 and cyanocobaiamin, are used interchangeably for all of 
the cobamides active in humans. Dietary supplements use either cyanocobalamin or 
hydroxocobalamin since they remain stable and active during storage [430]. 

Vitamin B12 is a co&ctor for methionine synthase, an enzyme important for 
5 maintaining adequate levels of intracellular methionine and folate. Deficiencies in either 
B12 or folate can lead to decreased synfliesis of methionine and SAM and can interfere 
with protein and polyamine biosynthesis. In addition, deficiencies can lead to a 
modification of folate metabolic pathways to promote methylation reactions at the 
expense of nucleic acid synthesis, which can lead to imbalances in deoxynucleotide 
10 pools. Nucleotide imbalance can lead to accimiulation of deoxyuridylate in DNA and is 
associated with DNA strand breaks commonly seen in colorectal cancers. 

The inclusion of vitamin B12 in the present colorectal cancer risk reduction 
product is to ensure adequate availability of this cofactor to optimize folate metabolism 
and methyl group availability. Siq>port for the role of folate in colorectal cancer risk 
1 5 reduction is discussed above. 

Regarding pharmacology, intracellular vitamin B12 is maintained as two active 
coenzymes, methylcobalamin and deoxyadenosylcobalamin (deoxyadenosyl Bu). It is 
methylcobalamin that supports the methionine synthase reaction, which is essential for 
normal metabolism of folate [430]. Methyl groups contributed by methyltetiahydrofolate 
20 are used to form methylcobalamin, which then acts as a methyl groiq> donor for the 

conversion of homocysteine to methionine. This folate-cohalamin interaction is pivotal 
for normal synthesis of purines and pyrimidines and, therefore, of DNA. The methionine 
synthase reaction is largely responsible for the control of the recycling of folate cofactors, 
the maintenance of intracellular concentrations of folylpolyglutamates and, through the 
25 synthesis of methionine and its product, iS-adenosylmethionine, the maintenance of a 
nimiber of methylation reactions. 

Humans are dependent upon exogenous sources of vitamin B12. Primary sources 
in nature include certain microorganisms that grow in soil, sewage, water or in the 
intestinal lumen of animals and that synthesize the vitamin. Vegetables are fiee of 
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vitamin B12 unless tfaey are contaminated with such microorganisms. The daily 
nutritional requirraient of 3 to S must be obtained from animal byproducts. 
Additionally, a certain amount of vitamin B12 is available finom legumes that are 
contaminated with vitamin Bi2-producing bacteria. 
5 Dietary vitamin B12 is released from salivary binding protein in the presence of 

gastric acid and pancreatic proteases. It is subsequently immediately boimd to intrinsic 
factor, a glycoprotein. The vitamin B^-intrinsic factor complex then reaches the ileum 
where it interacts with a specific receptor on ileal mucosal cells and is transported to the 
chculadon. Hence, vitamin B12 deficiency is generally the result of a defect in some 

1 0 aspect of the gastrointestinal tract necessary for its absorption to occur. 

Once absorbed, vitamin Bn binds to transcobalamin II, a plasma P-globulin, for 
transport to tissues. This complex is rapidly cleared from the plasma and is preferentially 
distributed to hepatic parenchymal cells. As much as 90% of die body's stores of vitamin 
B|2, from 1 to 10 mg, is in the liver, Miiere it is stored as the active coenzyme with a 

1 5 turnover rate of O.S to 8 ^g per day, depending on the »ze of the body's stores. 

Approximately 3 ^g of cobalamins are secreted into the bile each day, 50% to 
60% of vMch represents cobalamin analogs that are not reabsorbed. Interference with 
the 40% to 50% reabsoijition via the enterohepatic cycle can result in depletion of the 
hepatic store. 

20 Regarding toxicology, no toxicity or safety issues were noted for vitamin B12- 

The present colorectal cancer risk reduction product preferably includes 6 jig of 
vitamin Bn. The rationale for its inclusion relates to its synergistic role as a cofactor in 
the folate pathway and the scientific evidence for the role of folic acid as a colorectal 
cancer chemopreventive [256, 430, 432]. Additionally, since the prunary dietary source 

25 of vitamin B12 is animal byproducts and/or microorganism "contamination*' of 

vegetables, vegetarians are at risk for deficiency of this vitamin. Its presence in the 
formulation, therefore, ensures adequate availability of vitamin Bu to ensure the 
effectiveness of folic acid in methylation reactions. 
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Inclusion of vitamin Bn in the present colorectal cancer risk reduction product is 
based upon its key role as a cofactor for folic acid in the body. Its presence, therefore is 
synergistic with folic acid, and thereby ensures that folic acid can be available for 
maximal chemopreventive activities. 

5 

FORM OF FINAL PRODUCTS FOR ADMINISTRATION 

As explained above, the final form of the present nutrient formulations may take a 
variety of forms, such as pills, c^sules, tablets, liquids, powders, etc. Such forms are 
particularly suited for oral administration, and it is within the skill of the art given the 

10 present disclosiire to arrive as suitable forms for such final products. The formulations 
may also be designed for topical application to the skin or mucous membranes where 
appropriate, as for example for administration to rectal mucous membrane tissue. 
Preparation of such topical products is likewise within the skill m the art given the 
present disclosure. It will be recognized, for example, ibat inactive ingredients such as 

IS solid or liquid carriers (include aqueous, organic or lipid-based carriers), diluents, 

exdpients, sustained-release materials or matrices, penetration enhancing agents, delivery 
vehicles such as liposomal structures, and other similar ingredients may usefiilly be 
incorporated into the final products in order to facilitate the desured mode of 
administration. Examples of such materials, and others that may be incorporated into the 

20 fiiml products, are discussed in detail in, for example, standard texts such as Martin (ed.). 
Remington 's Pharmaceutical Sciences, Mariindale - The Extra Pharmacopoeia 
(Pharmaceutical Press, London 1993), and others. 

The foregoing description and examples are not intended to limit the scope of the 
present invention, which is set forth in the appended claims. In addition, various 

25 equivalents will be recognized by those skilled in the art in view of the foregoing 

disclosure, and aU such equivalents are contemplated to be within the lawfiil scope of the 
invention. 
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What is claimed is: 



10 



15 



1. . A combination of nutrients useful in maintaining oxidative balance in a human or 
other mammalian subject, said combination comprising the nutrient ingredients specified 
below, and wherein each nutrient ingredient is contained in a measured amount such ibat 
the proportional amount of each respective nutrient ingredient, relative to the other 
nutrient ingredient measured amounts in the combination, is as follows: 



50-500 lU 
60-500 mg 
20-300 meg 
500-2000 mg 
5-50 mg 

500-1500 mg green tea extract, standardized 
to ^60% polyphenols 

500-2000 mg mixed vegetable extract, 1200 
mg extract being equivalent in mixed 
carot^K>id content to five vegetable 
servii^. 

2. The combination of claim 1 , wherein said nutrient ingredients are packaged 
together with instructions directing the administration of the combination to said subject. 



Vitamin E: 

Vitamin C: 

Selenium: 

N-acetyl-l-cysteine: 

Curcumin: 

Mixed Polyphenols: 

Mixed Carotenoids: 



20 3. The combination of claim 2, wherein said instructions specify a timing schedule 
for the administration of said nutrient ingredients of the combination. 



4. The combination of claim 1 , wherein said Vitamin E nutrient ingredient is in the 
form of d-a-tocopherol or a salt thereof. 
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S. The combinadon of claim 1, wherein said Vitamin C nutrient ingredient is in the 
form of an ascorbate salt. 



6. The combination of claim 1 , wherein said Selemum nutrient ingredient is in the 
form of 1-seIenomethionine. 

5 7- The combination of claim 1 , wherein said Curcuxnin nutrient ingredient comprises 
curcumin fiom a turmeric extract 

8. The combination of claim 1 , whopein said Mixed Polyphenols nutrient ingredient 
comprises a mixture of catechins fiom a green tea extract 

9. The combination of claim 1 , wherein said Mixed Carotenoids nutrient ingredient 
10 comprises a mixture of carotenoids fiom one or more vegetable extracts. 

1 0. The combination of claim 1 , wherein said nutrient ingredients are formulated 
together in a unit dosage form. 

1 1 . The combination of claim 1 , ^dierein said nutrient ingredients are packaged 
together, and vdierein a first one or more of said nutrient ingredients are formulated in a 

1 5 first unit dosage form and a second one or more of said nutrient ingredients are 
formulated in a second unit dosage form. 

12. The combination of claim 1, herein at least said Vitamin E, Selenium, 
Curcumin, Mixed Polyphenols and Mixed Carotenoids nutrient ingredients are of natural 
origin. 
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13. A method of reducing cancer risk in a human or other mammalian subject, 
comprising periodically administering to said subject the combination of nutrients of 
claim 1 according to a specified administration schedule. 



14. The method of claim 13, indierein said administration schedule specifies 
5 adnoinistration of a specified amount of said combination at least daily. 



15. The method of claim 13, further comprising administering to said subject daily 
amounts of said nutrient ingredients of said combination as follows, within a tolerance of 
:^0% for each listed amount: 



Vitamin E: 

Vitamin C: 

Selenium: 

N-acetyl-l-cysteine: 

Curcumin: 

Mixed Polyphenols: 

Mixed Carotenoids: 



400 lU daily 

10 Vitamin C: 500 mg daily 

100 meg daily 
1 600 mg daily 
10 mg daily 

1000 mg daily of green tea extract, 
1 5 standardized to >60% polyphenols 

1200 mg daily of mixed vegetable extract 
equivalent in mixed carotenoid content to 
five vegetable servings. 

16. The method of claim 1 5, wherein said administration schedule specifies 
20 administration of said daily amounts in two or more firactional portions over the course of 
a given day. 



17. The combination of claim 3, wherein said instructions specify a timing schedule 
whereby daily amounts of said nutrient ingredients of said combination are administered 
to said subject as follows, within a tolerance of db20% for each listed amount: 



wo 00/76492 PCTAJSOO/16777 



10 



111 

400 lU daily 
SOO mg daily 
100 meg daily 
1600 mg daily 
10 mg daily 

1 000 mg daily of green tea extmct, 
standardized to >60% polyphenols 
1200 mg daily of mixed vegetable extract 
equivalent in mixed carotenoid content to 
five vegetable servings. 

1 8. The combination of claim 1 7, wherein said instructions specify administration of 
said daily amounts in two or more fractional portions over the course of a given day. 



Vitamin E: 

Vitamin C: 

Selenium: 

N-acetyH-cysteine: 

Curcumin: 

Mixed Polyphenols: 

Mixed Carotenoids: 



15 



20 



19. A combination of nutrients usefiil in reducing colorectal cancer risk in a human or 
o&er mammalian subject, said combination compri^g the nutrient ingredients specified 
below, and wherein each nutrient ingredient is contained in a measured amount such that 
the proportional amount of each req)ective nutrient ingredient, relative to the other 
nutrient ingredient measured amounts in the combination, is as follows: 



Salicin: 


20-200 mg 


Curcumin: 


5-50 mg 


Calcium: 


200-2500 mg 


Vitamin D: 


100-1000 lU 


Folic Add: 


200-1000 meg 


Vitamin Be: 


0.5-10 mg 


Vitamin B]2: 


0.1-100 meg. 



25 
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20. The combination of claim 19, wherein said nutrient ingredients are packaged 
together with instructions directing the administration of the combination to said subject 

21 . The combination of claim 20, wherein said instructions specify a timing schedule 
for the administration of said nutrient ingredients of the combinatioiL 

5 22. The combination of claim 19, wherein said Salicin nutrient ingredient comprises 
salicin fix>m a ^te wiUow bark e3ctract at a concentration of about 1 5% saUcin. 

23. The combination of claim 1 9, wherein said Curcumin nutrient ingredient 
comprises curcumin fix>m a turmeric extract 

24. The combination of claim 1 9, wherein said Calcium nutrient ingredient is m the 
1 0 form of calcium carbonate. 

25. The combination of claim 19, herein said Vitamin D nutrient ingredient is in the 
form of vitamin D^. 

26. The combination of claim 19, wherein said Vitamin 3$ nutrient ingredient is in 
the form of pyridoxine or a salt thereof. 

15 27. The combination of claim 19, wherein said Vitamin B12 nutrient ingredient is in 
the form of cyanocobalamin. 

28. The combination of claim 19, wherein said nutrient ingredients are formulated 
together in a unit dosage form. 
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29. The combination of claim 1 9, herein said nutrient ingredients are packaged 
together, and wherein a first one or more of said nutrient ingredients are formulated in a 
first unit dosage form and a second one or more of said nutrient ingredients are 
formulated in a second unit dosage form. 

5 30. The combination of claim 1 9, wherein at least said Salicin and Curcumin nutrient 
ingredients are of natural origin. 

31. A method of reducing cancer risk in a human or other mammalian subject, 
comprising periodically administering to said subject the combination of nutrients of 
claim 1 9 according to a specified administration schedule. 

1 0 32. The method of claim 3 1 , wherein said administration schedule specifies 
administmtion of a specified amount of said combination at least daily. 

33. The method of claim 3 1 , further comprising administering to said subject daily 
amounts of said nutrient ingredients of said combination as follows, within a tolerance of 
±20% for each listed amount: 

15 Salicin: 120 mg daily 



Cxircumin: 



10 mg daily 
800 mg daily 
400 lU daily 
800 meg daily 
2 mg daily 
6 meg daily. 



Calcium: 



Vitamin D: 



Folic Acid: 



20 



Vitamin 85: 
Vitamin B12: 
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34. The method of claim 33, wherein said administration schedule specifies 
administration of said daily amounts in two or more fractional portions over the course of 
a given day. 



35. The combination of claim 21 , wherein said instructions specify are administered 
5 to said subject daily amounts of said nutrient ingredients of said combination as follows, 

within a tolerance of :i:20% for each Usted amount: 

Salicin: 120 mg daily 

Curcumin: 1 0 mg daily 

Calcium: 800 mg daily 

10 Vitamin D: 400 lU daily 

Folic Acid: 800 meg daily 

Vitamin 85: 2 mg daily 

Vitamin Bn: 6 meg daily. 

36. The combination of claim 35, wherein said instructions specify administration of 
1 5 said daily amounts in two or more fractional portions over the course of a given day. 

37. A bidirectional, multi-tiered method of screening a plurality of active components 
for inclusion in a nutrient formulation for reducing disease risk, comprising the steps of 

(a) examining ecologic and/or individual-based epidemiological data to 
establish a plurality of patterns of association between diet and foods and said disease; 
20 (b) identifying a plurality of candidate active components from candidate 

foods and diets that are associated with delaying the onset of, or preventing or otherwise 
inhibiting, said disease; and 

(c) determining, based on mechanism(s) of action of said candidate active 
components in a pluraUty of disease pathways associated with delaying the onset of, or 
25 preventing or otherwise inhibiting, said disease, a subset of said plurality of candidate 
active components to be included in said nutrient formulation. 
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Figure 1. Structure of tf-a-tocopherol. 
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Figure 2. Structure of ascorbic acid. 
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Figures. Structure of Aselenbmetliionine. 
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Figure 4. Structure of M-acsiyH-cyste'me. 



Figure S. Structure of curcumin. 
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Figure 6. Structures of important polyphenots in green tea (271. 
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Figure 



7. Structures of important carotenoids 1291. 



Figuic 8. Structure of salidn. 
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Figure 9. Structure of ergocaldferol. 




Figure 10. Structure of fbTic add. 
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Figure 1 1 . Structures of vitamin Be. 
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Figure 12. Stojcture of vitamin B|2. 
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